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ABSTRACT
Blood from  norm al c a lv e s  and ca lv es  in f e c te d  w ith  Anaplasma
ll+m a rg in a le  was in c u b a te d  w ith  N a-1- C -a c e ta te . L ip id s  w ere e x t r a c te d ,  
s e p a ra te d  in to  c la s s e s  by  th in - l a y e r  chrom atography, and  a ssay ed  fo r  
r a d i o a c t i v i t y  u s in g  a  Beckman L iq u id  S c i n t i l l a t i o n  S p e c tro m e te r .
Normal e r y th ro c y te s  c o n ta in ed  m ost o f  th e  r a d i o a c t i v i t y  i n  phospho­
l i p i d s  and f r e e  f a t t y  a c id s  w h ile  normal plasm a c o n ta in e d  th e  m a jo r i ty  
o f  r a d i o a c t i v i t y  i n  th e  f r e e  f a t t y  a c id s .  S te r o l s  e x t r a c te d  from 
in f e c t e d  e ry th ro c y te s  b e fo re  peak  and a t  peak in f e c t io n s  hadf from 
8 t o  11 tim es  more a c t i v i t y  th a n  s te r o l s  from norm al e r y th ro c y te s .  
P lasm a s t e r o l s  b e fo re  peak and a t  peak in f e c t io n  e x h ib i te d  a  5 to  
30 f o ld  in c r e a s e  i n  r a d i o a c t i v i t y  compared to  norm al p lasm a. In  
b lo o d  a f t e r  peak  in f e c t io n ,  th e  e ry th ro c y te s  c o n ta in e d  m ost o f  th e  
r a d i o a c t i v i t y  i n  t r i g ly c e r id e s  and th e  co rresp o n d in g  p lasm a had  th e  
m a jo r i ty  o f  th e  r a d i o a c t i v i t y  i n  th e  f re e  f a t t y  a c id s .
D ata from  a  c a l f  w ith  pheny lhydrazine  in d u ced -an em ia  su g g ested
ll+
t h a t  d i f f e r e n c e s  in . th e  in c o rp o ra t io n  o f N a-1- C -a c e ta te  i n t o  l i p i d s
b y  norm al and in f e c te d  b lood  a r e  due to  the  p re se n c e  o f  A. m arg in a le
r a t h e r  th a n  th e  secondary  anem ia caused by th e  p a r a s i t e .
lk
The in c o r p o ra t io n  o f  N a-1- C -a ce ta te  in to  l i p i d s  o f  p a r t i a l l y -  
p u r i f i e d  Anaplasma b o d ies  was a ls o  s tu d ie d . L i t t l e  d i f f e r e n c e  was 
o b se rv e d  betw een th e  r a d i o a c t i v i t y  o f  p a r t i a l l y - p u r i f i e d  b o d ie s  and 
c o n t r o l  p r e p a r a t io n s .  T h e re fo re , i t  appears t h a t  th e  p ro c e d u re s  
u t i l i z e d  d id  n o t  p u r i f y  th e  Anaplasma bod ies to  such  a n  e x te n t  as  to  
make m e ta b o lic  s tu d ie s  f e a s ib l e .
v i i i
Blood from an in f e c te d  c a l f  was a ls o  in c u b a te d  w ith  N a-1- C- 
l a u r a t e .  A pproxim ately  70 p e rce n t o f  th e  e r y th r o c y t ic  r a d i o a c t i v i t y  
was found in  th e  t r ig ly c e r id e s  w hile  a lm o st 100  p e rc e n t  o f  th e  a c t i v i t y  
i n  plasm a was co n ta in e d  i n  th e  f re e  f a t t y  a c id s .
lk
A f te r  in c u b a tio n  w ith  N a-1- C - a c e ta te ,  rad io c h e m ic a l g a s - l iq u id  
chrom atography a n a ly se s  were c a r r ie d  o u t on f a t t y  a c id  m ethyl e s t e r s  o f  
p lasm a f r e e  f a t t y  a c id s ,  e r y th ro c y t ic  f r e e  f a t t y  a c id s  and phospho­
l i p i d s  from norm al and  in fe c te d  b lo o d . P lasm a f r e e  f a t t y  a c id s  from 
in f e c te d  b lood c o n ta in ed  about th e  same c o n c e n tra t io n  o f  C l6 :0 , more 
C l8 : l ,  and l e s s  C l8 :0  and C20:0 when compared t o  th e  same f r a c t io n  
from norm al b lo o d . Less r a d i o a c t i v i t y  was found i n  th e  f r e e  f a t t y  
a c id s  o f  plasm a from in fe c te d  b lo o d . I n f e c t io n  w ith  A. m arg in a le  
caused  in c re a s e s  in  C l6 :0  and C l8 :0 , and d e c re a se s  i n  C1^:0 and 
C20:0 in  e r y th ro c y t ic  f a t t y  a c id s .  An in c r e a s e  i n  r e l a t i v e  a c t i v i t y  
o f  p r a c t i c a l l y  a l l  f a t t y  a c id s  was o b se rv ed  i n  th e  same sam ple. F a t ty  
a c id s  o f  p h o sp h o lip id s  e x tra c te d  from  norm al e ry th ro c y te s  were p r e s e n t  
i n  low  c o n c e n tra tio n s  w h ile  C13*.0 and C20:0  h ad  th e  h ig h e s t  r e l a t i v e  
r a d io a c t iv i t y .  F a t ty  a c id s  o f  th e  same c la s s  from in fe c te d  e r y th r o ­
c y te s  had a 2 - fo ld  in c r e a s e  in  Cl8 : l  and d e c re a se s  i n  C l8 :0  and C l8 :2 . 
None o f  th e se  f a t t y  a c id s  con ta ined  s i g n i f i c a n t  r a d io a c t iv i t y .
D ata from t h i s  s tu d y  suggest t h a t  A. m a rg in a le  a l t e r s  th e  l i p i d  
m etabolism  o f  bov ine  b lood .
INTRODUCTION
A naplasm osis i s  a  d is e a s e  o f  c a t t l e  and o th e r  rum inants which 
i s  caused by th e  i n t r a e r y th r o c y t i c  p a r a s i t e ,  Anaplasma m a rg in a le .
S evere anem ia, la b o re d  r e s p i r a t i o n ,  i c t e r u s ,  f e v e r ,  d e h y d ra tio n , 
and in ap p e ten ce  a re  th e  m ajor c l i n i c a l  symptoms (C a rric a b u ru , 1957a; 
1957b). The d ise a se  i s  u s u a l ly  f a t a l  in  o ld e r  an im als; however, 
an im als t h a t  su rv iv e  rem ain  l i f e - l o n g  c a r r i e r s .
The organism  i s  c l a s s i f i e d  a s  R ic k e t t s i a  by B erg ey 's  Manual o f  
D e te rm in a tiv e  B a c te r io lo g y  (B reed , M urray, and Sm ith, 1957). Some, 
how ever, c o n s id e r  A. m a rg in a le  t o  be a  v i ru s  (F o o te , G eer, and S t ic h ,  
1958) w h ile  o th e rs  b e l ie v e  i t  to  be a  p ro to z o an  (Espana, Espana, and 
G onazales , 1959)*
I n i t i a l  r e s e a rc h  e f f o r t s  on an ap lasm o sis  were concerned w ith  
d ia g n o s is ,  tre a tm e n t and c u re ,  p re v e n tio n  and mode of t ra n s m is s io n . 
R e lia b le  methods o f p re v e n tio n  and t re a tm e n t  a re  s t i l l  in a d e q u a te .
More r e c e n t ly ,  r e s e a rc h  e f f o r t s  have been  d i r e c te d  tow ard th e  a re a s  
o f  immunology and b io c h e m is try . The i n a b i l i t y  to  p ro p ag a te  th e  
p a r a s i t e  i n  v i t r o  has p roved  a  h in d ra n c e  to  b io ch em ica l and m e ta b o lic  
s tu d i e s .
I t  has  been r e p o r te d  t h a t  A. m arg in a le  in f e c t io n  causes a  
d e c rea se  i n  p h o sp h o lip id  c o n c e n tra t io n  o f  e r y th ro c y t ic  strom a 
(S ch rader and D im opoullos, 1963 ; in c r e a s e s  i n  s i a l i c  a c id  c o n c e n tra tio n  
and e le c t r o p h o re t ic  m o b i l i t ie s  o f  in f e c te d  e ry th ro c y te s  (Dommert and 
D im opoullos, 1967) ; and changes i n  f a t t y  a c id  com position  o f  in f e c te d  
e ry th ro c y te s  (Dommert, 1966) .  T h e re fo re , t h i s  p r o je c t  was i n i t i a t e d  
i n  o rd e r  to  s tu d y  th e  l i p i d  m etabo lism  o f  bovine e ry th ro c y te s  in f e c te d  
w ith  A. m a rg in a le .
\
SELECTED LITERATURE
A. A naplasm osis
A naplasm osis i s  an  in f e c t io u s  d is e a s e  o f  c a t t l e  and o th e r  
rum inan ts w hich i s  caused  hy  Anaplasma m a rg in a le , an  in t r a e r y th r o -  
c y t ic  p a r a s i t e .  Sm ith and K ilb o rn e  (1893) were f i r s t  to  observe 
an ap lasm osis  b u t  assumed th e  c a u s a tiv e  a g e n t to  be a s ta g e  i n  th e  
l i f e  cy c le  o f  P iro p la sm a  bigeminum and P . annulatum . T h e ile r  
(1910) d em o n stra ted  t h a t  an ap lasm osis  was a  d i f f e r e n t  and d i s t i n c t  
d is e a se  from  p iro p la s m o s is .  He was a ls o  r e s p o n s ib le  fo r  th e  
o r ig in a l  d e s c r ip t io n  and th e  naming o f  th e  organism  a s - Anaplasma 
m a rg in a le .
S in ce  1910 an ap lasm o sis  has been  r e p o r te d  in .m o s t t r o p ic a l  
and s u b tr o p ic a l  zo n es , and i n  some tem p era te  zones o f  th e  worljl 
( R i s t i c ,  i 960 ) .  D a r lin g to n  (1926) d e sc r ib e d  th e  f i r s t  n a tu r a l  
case o f  an ap la sm o sis  i n  th e  U n ited  S ta te s  which was n o t com p lica ted  
by Texas f e v e r .
Even though  th e  e x is te n c e  o f  A. m arg in a le  has been known f o r  
a t  l e a s t  60 y e a rs  th e r e  i s  s t i l l  d isag reem en t on i t s  c l a s s i f i c a ­
t i o n .  Some b e l ie v e  th e  p a r a s i t e  t o  be a  v i ru s  (F o o te , G eer, and 
S t ic h ,  1958) w h ile  o th e r s  ag ree  w ith  T h e i le r  who co n sid e red  th e  
organism  a s  a  p ro to z o a n  (Espana, E sp an a , and G onazales, 1959)*
S t i l l  o th e r s  a rg u e  t h a t  A. m arg in a le  i s  a  r i c k e t t s i a l  organism  
(Mason and R i s t i c ,  1966 ) .  B e rg ey 's  Manual o f  D e te rm in a tiv e  
B a c te r io lo g y  (B reed , M urray, and Sm ith , 1957) in c lu d e s  A. m arg in a le  
in  th e  o rd e r  R ic k e t t s i a l e s  and th e  fa m ily  A naplasm ataceae.
2
C o n s id e ra b le  re s e a rc h  h as  been  conducted i n  anap lasm osis 
because  i t  c o s ts  th e  d a i ry  and c a t t l e  i n d u s t r i e s  m il l io n s  o f  d o l l a r s  
a n n u a lly . The in v e s t ig a t io n s  have been p r im a r i ly  d ire c te d  tow ard  
p re v e n tio n , d ia g n o s is ,  mode o f  t ra n s m is s io n , t re a tm e n t, and cu re  
o f  th e  d is e a s e .  L i t t l e  has been  done to  g a in  a  b a s ic  u n d e rs tan d in g  
o f  th e  p a r a s i t e .  The i n a b i l i t y  to  p ro p ag a te  A. m arg in a le  in  v i t r o  
o r  i n  v ivo  i n  la b o r a to ry  an im als  i s  m ain ly  re sp o n s ib le  fo r  t h i s  
la c k  o f  know ledge.
A cute a n ap la sm o sis  causes anem ia, w eakness, f e v e r ,  i c t e r u s ,  
d e h y d ra tio n , in a p p e te n c e , and la b o re d  r e s p i r a t i o n  (C a rr ic a b u ru ,
1957a; 1957b). C a t t l e  o f  a l l  ages a re  s u s c e p t ib le ;  however, s e v e r i ty  
o f  th e  d is e a s e  i s  d i r e c t l y  r e l a t e d  to  age and death ' i s  more f re q u e n t 
i n  o ld e r  an im als  (Jo n es  and Norman, 1962; Jo n es  e t  a l . ,  1968) .  S u r ­
v iv o rs  o f  an ap la sm o sis  rem ain l i f e - lo n g  c a r r i e r s  and r e s e r v o i r s  o f
A. m a rg in a le  u n d er n a tu r a l  c o n d it io n s .  A t l e a s t  17 s p e c ie s ; o f  t i c k s  
and 7 s p e c ie s  o f  h o r s e f l i e s  a re  capab le  o f  t r a n s m it t in g  anap lasm osis  
(Dikmans, 1933; H ow ell, S t i l e s ,  and Moe, 19^15 B runer and G i l l e s p i e ,  
1965).
There have been  s e v e ra l  a tte m p ts  to  develop  a vacc in e  to  p r e ­
v en t a n a p la sm o s is . A k i l l e d  v a cc in e  u t i l i z i n g  in f e c te d  e ry th ro c y te s  
has been  found to  reduce  m o r ta l i ty  (Brock, K liew er, and P earso n ,
1965)« K u t t l e r  ( 1961) employed a  vaccine  o f  in fe c te d  e ry th ro c y te s  
which in c r e a s e d  r e s i s ta n c e  to  th e  d ise a se  b u t  d id  n o t p o ssess  p r e ­
v e n tiv e  p r o p e r t i e s .  The u se  o f  an  a t te n u a te d 1 A. m arg ina le  v a cc in e  
has b een  r e p o r te d  r e c e n t ly  ( R i s t i c ,  S ib in o v ic , and W elte r, 1968) .  
A f te r  a d m in is t r a t io n  o f  th e  v a cc in e  to  more th an  900 anim als o f  
v a r io u s  ages few showed s ig n s  o f  an ap lasm o sis . The a t te n u a te d
organism  d id  n o t r e v e r t  to  i t s  v i r u le n t  s t a t e  a f t e r  10 c o n se c u tiv e  
p assag es  i n  m atu re  c a t t l e  and 5 passag es  in  p reg n an t c a t t l e .  O th ers  
have employed a n t i b i o t i c  fe e d in g s  in  h ig h  dosage i n  a tte m p ts  t o  p r e ­
v en t an ap la sm o sis  (Brock e t  a l . ,  1957)*
T here a r e  no e f f e c t iv e  methods o f  tre a tm e n t nor c u re  o f  th e  
d is e a s e  a t  p r e s e n t .  Blood t r a n s fu s io n s  a re  b e n e f i c i a l  b u t  g e n e r a l ly  
im p r a c t ic a l .  Chemotherapy has  been h e lp fu l  w ith  t e t r a c y c l i n e s  b e in g  
th e  a n t i b i o t i c s  o f  ch o ice  (P ea rso n , B rock, and K liew er, 1957; B rock, 
P ea rso n , and K liew er, 1958; F ra n k lin ,  H u ff, and G rum bles, 1965)*
Brown, W ilde , and B erger (1968) found th a t  a  d ith io se m ic a rb a zo n e  
( a r-e th o x y e th y lg ly o x a l d ith io sem ica rb azo n e ) in h ib i t e d  m u l t i p l i c a t i o n  
o f  A. m a rg in a le  i n  sp len ec to m ized  ca lv es  and i n t a c t  s t e e r s .  P e n i c i l l i n  
and s tre p to m y c in  a re  i n e f f e c t iv e  in  anap lasm osis (Mason and R i s t i c ,
1966) .
When s ta in e d  smears o f  in fe c te d  b lood  a re  o b se rv ed  by  l i g h t  
m icroscopy  A. m arg in a le  a p p ea rs  as  sm all c o c c u s - lik e  b o d ie s  c lo s e  
to  th e  p e r ip h e ry  o f  in f e c te d  e ry th ro c y te s .  I t  has b een  g e n e r a l ly  
d e sc r ib e d  a s  a  sm a ll, rounded body c o n s is t in g  o f  a  dense mass o f  
ch ro m atin , dev o id  o f  cy top lasm , and m u ltip ly in g  by  f i s s i o n  (de R o b e r tis  
and E p s te in ,  1951)* O ther w orkers have re p o r te d  t h a t  th e  m a rg in a l 
b o d ie s  ap p ea r to  have f l a t ,  membranous t a i l s  t h a t  a r e  w edge-shaped 
and ta p e re d  to  a  p o in t  ( P i lc h e r ,  Wu, and Muth, 1961 ) .  These d e s c r ip ­
t io n s  come from  s tu d ie s  u t i l i z i n g  l i g h t  m icroscopy (L o tze  and Y ie n g s t, 
I 9I+2 ) ,  f lu o r e s c e n t  a n tib o d y  te ch n iq u es  ( R i s t i c ,  W hite , and S a n d e rs , 
1957)» h is to c h e m is try  (M oulton and C h ris te n se n , 1955)? and e le c t r o n  
m icroscopy  (de R o b e r tis  and E p s te in , 1951; G ates e t  a l . ,  1967;
Sim pson, K lin g , and Love, 1967)*
de R o b e r tis  and E p s te in  (1951) were f i r s t  t o  s tu d y  A. m a rg in a le  
by e le c t r o n  m icroscopy . O th e rs , u s in g  th e  e le c tro n  m ic ro sco p e , 
v i s u a l iz e d  th e  Anaplasma body as  b e in g  surrounded by a  s in g le  meiji- 
b ran e  and c o n ta in in g  1 to  6 su b u n its  w hich were bound by  a  double 
membrane (Simpson e t  a l . ,  1967) .  A ccording to  G ates e t  a l .  ( I 967 ) 
a  3 - la y e re d  membrane e n c lo se s  s e v e ra l  su b u n its .
M oulton and C h ris te n se n  (1955) found p o ly sa c c h a rid e  com plexes, 
l i p i d s ,  f a t  p e ro x id e s , a lk a l in e  p h o sp h a ta se , p e ro x id a se , and  dehy­
d ro g en ases  to  be a b se n t i n  Anaplasma b o d ie s . However, th e y  n o ted  th e  
p re se n c e  o f  DNA, ENA, p r o te in ,  and o rg a n ic  i ro n . More r e c e n t  s tu d ie s  
in d ic a te d  t h a t  Anaplasma b o d ie s  c o n ta in  p h o sp h o lip id s  and s t e r o l s  
(Rogers and D im opoullos, 19&5)? l a c t i c  dehydrogenase, ATPase, and 
c a ta la s e  a c t i v i t y  (W allace and D im opoullos, 1965b ;  G aron and  
D im opoullos, 1967 ; D a r r e ',  W allace , and D im opoullos, 1967 )* S e n i tz e r  
(1969 ) h as  r e c e n t ly  concluded t h a t  D&A o f  A. m arg in a le  i s  a  d o u b le ­
s tra n d e d  m o lecu le .
The b io lo g ic a l  n a tu re  o f  A. m arg in a le  has a ls o  been  s tu d ie d .  
D ata  a r e  a v a i la b le  concern ing  th e  e f f e c t s  o f  io n iz in g  r a d ia t io n  
(Gough and D im opoullos, 1965 ; W allace and D im opoullos, 1965a ) ,  
te m p e ra tu re  (B ed e ll and D im opoullos, 1962 ; Love, V a le n t in e ,  and 
S c a le s ,  1967) ,  so n ic  energy  (B ed e ll and D im opoullos, 1963 )? and 
h y d ro g en -io n  c o n c e n tra tio n  (D avis and D im opoullos, 1969 ) on  b o th  
in f e c te d  e ry th ro c y te s  and p a r t i a l l y - p u r i f i e d  p r e p a ra t io n s  o f  A. 
m a rg in a le .
There i s  p r a c t i c a l l y  no knowledge on th e  m e ta b o lic  a c t i v i t i e s  
o f  m a rg in a le . Dommert (1966) an a ly zed  f a t t y  a c id s  o f  in f e c te d  
bov ine  e ry th ro c y te s  and found d e c re a se s  i n  th e  c o n c e n tra t io n s  o f
s t e a r i c ,  l i n o l e i c  and b eh en ic  a c id s  i n  t o t a l  l i p i d  e x t r a c t s .  A t th e  
peak  o f  i n f e c t io n  l ig n o c e r ic  a c id  was th e  m ain f a t t y  a c id  p re s e n t .  
W allace , Dommert, and D im opoullos (19&7) examined t o t a l  l i p i d s  o f  
p u r i f i e d  m arg in a l body p re p a ra t io n s  and re p o r te d  la rg e  q u a n t i t ie s  
o f  p h o sp h o lip id  w ith  l e s s e r  amounts o f  s t e r o l s ,  f r e e  f a t t y  a c id s ,  
t r i g l y c e r i d e s ,  and s t e r o l  e s t e r s .  M y r is t ic ,  p a lm it ic ,  p a lm ito le ic ,  
s t e a r i c ,  o l e i c  and l i n o l e i c  a c id s  p redom inated  as  th e  m ajor f a t t y  
a c id s  i n  v a r io u s  l i p i d  f r a c t i o n s .
1 -̂Mason and R i s t i c  (1966) dem onstra ted  ..that th e  u p take  o f  2 -  C- 
g ly c in e  was p r e p o r t io n a l  to  th e  number o f  in f e c te d  e ry th ro c y te s .
S in ce  m ost o f  t h i s  amino a c id  was found to  be in c o rp o ra te d  in to  p ro ­
t e i n s ,  th e y  su g g ested  th a t  in f e c te d  e ry th ro c y te s  had in c re a se d  
p r o te in  s y n th e s is .
O th er w orkers (Love and W iygul, 1969) examined f r e e  amino a c id s  
i n  p lasm a and p a r a s i t i z e d  e r y th ro c y te s .  They found th a t  plasm a o f  
in f e c te d  c a lv e s  c o n ta in ed  more le u c in e ,  a s p a r t i c  a c id ,  and a-am ino-n - 
b u ty r ic  a c id  and l e s s  th re o n in e , p r o l in e ,  a r g in in e ,  g ly c in e ,  i s o le u c in e ,  
and o r n i th in e .  I n fe c te d  e ry th ro c y te s  a ls o  co n ta in ed  h ig h e r  l e v e l s  o f  
t a u r in e ,  g lu ta m ic  a c id ,  and g ly c in e  th a n  d id  norm al e ry th ro c y te s .
The r e s e a r c h  which h as  been  done on A. m arg in a le  in d ic a te s  t h a t  
i t  i s  a  much more complex organ ism  th a n  once b e lie v e d . F u rth erm o re , 
d a ta  co n cern in g  enzymes, s y n th e s is  o f  p r o te in s ,  n u c le ic  a c id s ,  and 
l i p i d s ,  en e rg y  re q u ire m e n ts , and energy  g e n e ra t io n  a re  scan t o r  l a c k ­
in g .  Thus, b a s ic  re se a rc h  on m e ta b o lic  a c t i v i t i e s  o f  A. m arg in a le  
sh o u ld  be f r u i t f u l  a re a s  f o r  f u tu r e  in v e s t ig a t io n .
B. Normal B lood L ip id s
A naplasm osis r e p o r te d ly  a l t e r s  e ry th ro c y t ic  l ip id -.c o m p o s itio n  
(S ch rad er and D im opoullos, 19&3)5 th e r e f o r e ^ i t  i s  in  o rd e r  to  con­
s id e r  in fo rm a tio n  in v o lv in g  b lood l i p i d s  i n  bo th  norm al and d is e a s e  
s t a t e s .
The e r y th ro c y te  i s  a  h ig h ly  s p e c ia l iz e d  b lood c e l l  whose m ain 
fu n c tio n  i s  t r a n s p o r t a t io n  o f oxygen to  t i s s u e s  and carb o n  d io x id e  
to  th e  lu n g s  ( B e u t le r ,  1969)* S in ce  l i p i d s  a re  e s s e n t i a l  f o r  e ry th ro  
c y t ic  i n t e g r i t y  and s u rv iv a l  th e se  compounds a re  o f  b a s ic  i n t e r e s t .
B lood l i p i d s  o f  humans, r a b b i t s ,  cows, sheep , d o g s , c a t s ,  and 
p ig s  have been  in v e s t ig a te d  (Van Deenen and de G ie r , 196^)5 t h e r e f o r e  
th e  fo llo w in g  su rv ey  w i l l  in c lu d e  in fo rm a tio n  about b lo o d  l i p i d s  o f  
s e v e ra l  s p e c ie s .
1 . Bovine b lo o d  l i p i d s
A pprox im ate ly  0 .5  p e rc e n t wet w eight o f  bovine e ry th ro c y te s  i s  
l i p i d ;  th e  p red o m in a tin g  c la s s e s  a re  p h o sp h o lip id s , and s t e r o l s  w ith  
l e s s e r  am ounts o f  d ig ly c e r id e s ,  t r i g l y c e r i d e s ,  s t e r o l  e s t e r s ,  f r e e  
f a t t y  a c id s ,  and  g ly c o l ip id s  (de G ie r  and Van Deenen, 1961 ; 
W in terbourn  and  B a t t ,  1968a ;  1968b ) .  On th e  b a s is  o f  t o t a l  l i p i d s  
th e  fo llo w in g  p e rc e n ta g e s  have been  re p o rte d : n e u t r a l  l i p i d ,  27 .5
p e rc e n t;  g l y c o l ip id ,  2 .2  p e rc e n t;  g a n g lio s id e ,  5*5 p e r c e n t ;  and p h o s­
p h o l ip id ,  6h .8  p e rc e n t (N elson, 1967a ) .  The same a u th o r  found an  
av erag e  o f  a p p ro x im a te ly  26 p e rc e n t c h o le s te ro l  o f  th e  t o t a l  l i p i d s  
and sph ingom yelin  accoun ted  fo r  ap p ro x im a te ly  50 p e rc e n t o f  t o t a l  
p h o s p h o lip id s . T u rn e r , A nderson, and Gandal (1958) d id  n o t d e te c t  
l e c i t h i n  ( d e te c t io n  l i m i t s  0 .2  p e rc e n t)  i n  bovine e r y th ro c y te s ,  
w hereas o th e r s  have re p o r te d  sm all b u t m easurable amounts (Hanahan,
W a tts , and Pappajohn, i 9 6 0 ; Condrea e t  a l . ,  I 96U; S lo v i t e r  and Tanaka, 
196*+). A pproxim ately  95 p e rc e n t o f  e r y th ro c y t ic  l i p i d  i s  lo c a l iz e d  i n  
th e  membrane and perhaps a  l i p i d  component s e rv e s  a s  a  so u rce  o f  m ain­
te n a n c e  energy  fo r  th e  membrane (W interbourn  and B a t t ,  1968a ) .  The 
rem ain in g  l i p i d  does n o t make a s u b s ta n t i a l  c o n t r ib u t io n  tow ard  energy  
re q u ire m e n ts  o f  e ry th ro c y te s  s in c e  energy i s  s u p p lie d  p r im a r i ly  by 
a n a e ro b ic  g ly c o ly s is  (Van Deenen and de G ie r ,  196^ ) .
A ccording  to  some w orkers m ature e ry th ro c y te s  can n o t s y n th e s iz e  
l i p i d s  from  a c e ta te  b u t can exchange l i p i d s  w ith  p lasm a (Van Deenen and 
de G ie r ,  196^ ; M ulder and Van Deenen, 1965)* C o n seq u en tly , some m eta ­
b o l i c  s tu d ie s  have u t i l i z e d  whole b lood r a t h e r  th a n  e ry th ro c y te  su sp en ­
s io n s  .
M u lle r  and D avis ( 1966) found 1 - ^ C - a c e t a t e  to  be in c o rp o ra te d
i n to  f a t t y  a c id s  by whole b lood  b u t th e  e x te n t  o f  in c o r p o ra t io n  was
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l e s s  th a n  1 p e rc e n t .  The in c o rp o ra tio n  o f  1 - C -a c e ta te  in to  plasm a
l i p i d s  was i n s ig n i f i c a n t  in d ic a t in g  p rim ary  inv o lv em en t o f  b lood  c e l l s .
14They a ls o  found venous b lo o d  in c o rp o ra te d  more 1 -  C -a c e ta te  th a n  
a r t e r i a l  b lo o d . T h e ir  o p in io n  was th a t  th e  f r e e  f a t t y  a c id  sy n th e ­
s iz in g  system  p la y s  a  m inor p h y s io lo g ic a l  r o le  i n  b o v in e  b lo o d .
U n t i l  r e c e n t ly ,  in c o rp o ra t io n  o f  lo n g -c h a in  f a t t y  a c id s  by 
ru m in an t e ry th ro c y te s  had  n o t been in v e s t ig a te d .  Payne and M aste rs
( 1969 ) s tu d ie d  in c o rp o ra t io n  o f  l - ^ C - m y r i s t i c ,  1 - ^ C - p a lm i t i c ,
l k  qlj.
1 -  C -o le ic ,  and 1 -  C - l in o le ic  a c id s  by  e ry th ro c y te s  o f  sheep  and
c a t t l e .  They found s ig n i f i c a n t  in c o rp o ra t io n  and g e n e r a l ly ,  s a tu r a te d
f a t t y  a c id s  were in c o rp o ra te d  to  a  g r e a te r  e x te n t  th a n  u n jaa tu ra ted
f a t t y  a c id s .  S ince  g lu c o se , ATP, coenzyme A> i n s u l i n ,  o r  L -g ly c e ro -
p h o sp h a te  had l i t t l e  e f f e c t ,  th e y  su g g ested  t h a t  t o t a l  in c o rp o ra t io n
was n o t m e ta b o lic a l ly  dependent b u t more o f  an  exchange.
W interbourn  and B a t t  (1968a) in cu b a ted  l - ^ C - p a l m i t a t e  w ith  
bo v in e  e ry th ro c y te s  and le u k o c y te s  and fo llo w ed  in c o r p o ra t io n  in to  
l i p i d s  o f  each  c e l l  ty p e . Leukocytes e x h ib i te d  a  h ig h  c o n c e n tra tio n  
o f  th e  p a lm ita te  m ain ly  i n  th e  p h o sp h o lip id s  and t r i g l y c e r i d e s .  
E ry th ro c y te s  in c o rp o ra te d  r a d io a c t iv e  p a lm ita te  p r im a r i ly  in to  phos­
p h o l ip id s ,  e s p e c ia l ly  p h o sp h a tid y l ch o lin e  and p h o s p h a tid y l e th a n o la -  
m ine.
As w ith  human b lo o d  c e l l s ,  human plasm a has b e en  s tu d ie d  more 
e x te n s iv e ly  th a n  bov ine  plasm a b u t some in fo rm a tio n  i s  a v a i la b le  
(Goodman, 1958 ) .  Albumin i s  th e  major c a r r i e r  o f  f r e e  f a t t y  a c id s  
(Dole* 1956; Gordon and C herkes, 1956); th u s ,  p r a c t i c a l l y  a l l  f re e  
f a t t y  a c id s  r e le a s e d  in t o  b lood  becomes bound to  a lb u m in .
S p e c to r  e t  a l .  (1969 ) found p a lm ita te  and p a lm i to le a te  to  be 
more s t ro n g ly  bound to  album in th a n  o le a te ,  l i n o l e a t e ,  s t e a r a t e ,  
m y r is ta te ,  and much more s tro n g ly  bound th a n  l a u r a t e .  P a lm ita te  
was bound more f irm ly  b y  bov ine  serum album in th a n  human o r  r a b b i t  
a lb u m in .
2 . Blood l i p i d s  o f  o th e r  sp e c ie s
N elson  (1967b) in v e s t ig a te d  th e  l i p i d  c o n c e n tr a t io n  o f  sheep 
e ry th ro c y te s  and r e p o r te d  no d if fe re n c e s  betw een th o s e  c o n ta in in g  
h ig h  and low c o n c e n tra tio n s  o f  po tassium . P h o sp h a tid y l e thano lam ine 
and* sphingom yelin  acco u n ted  fo r  85 p e rc e n t o f  th e  t o t a l  p h p sp h o lip id s  
w ith  p h o sp h a tid y l s e r in e ,  p h o sp h a tid y l i n o s i t o l ,  p h o s p h a tid ic  a c id ,  
and ly s o l e c i t h i n  b e in g  p re s e n t  i n  l e s s e r  am ounts; l e c i t h i n  was a b s e n t .  
O th e rs  have re p o r te d  t h a t  th e  l e c i t h i n  c o n c e n tra t io n  o f  rum inan t 
e ry th ro c y te s  i s  low er th a n  t h a t  o f  man and o th e r  c a rn iv o re s  (T urner
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e t  a l . ,  1958; Ways and Hanahan, 1965) .  I n  a  l a t e r  p a p e r , N elson 
( 1968 ) concluded th a t  e r y th ro c y t ic  p h o sp h o lip id  m etabo lism  was n o t 
d i r e c t l y  in v o lv ed  in  a c t iv e  t r a n s p o r t  o f  io n s  a c ro s s  th e  c e l l  membrane.
Dim opoullos and James (1967) in c u b a te d  r a b b i t  b lo o d  w ith  N a -2 -^ C -  
a c e ta t e  fo r  5 and 22 .5  h r .  A f te r  an in c u b a tio n  p e r io d  o f  5 h r  m ost o f  
th e  r a d i o a c t i v i t y  o f  c e l l u l a r  f r e e  f a t t y  a c id  was found i n  l a u r i c  and 
m y r i s t i c  a c id .  M y r is t ic  and p a lm it ic  a c id s  c o n ta in e d  m ost o f  th e  
r a d i o a c t i v i t y  o f  th e  t r ig ly c e r id e s  w h ile  th e  f a t t y  a c id s  o f  phospho­
l i p i d s  had no s ig n i f i c a n t  a c t i v i t y .  F ree  f a t t y  a c id  was th e  o n ly  
p lasm a f r a c t io n  to  c o n ta in  r a d io a c t iv i ty  and i t  was m ain ly  found in  
c a p r ic ,  l a u r i c ,  and m y r is t ic  a c id s .  In c u b a tio n  f o r  2 2 .5  h r  produced 
an  in c r e a s e  in  r a d i o a c t i v i t y  o f  plasm a f r e e  f a t t y  a c id s ,  and  a  d ec re a se  
i n  r a d i o a c t i v i t y  o f  c e l l u l a r  t r i g l y c e r i d e ,  p h o sp h o lip id , and f r e e  f a t t y  
a c id  f r a c t io n s .
I t  h as  been d em onstra ted  th a t  in c o r p o ra t io n  o f  f a t t y  a c id s  by 
r a b b i t  e ry th ro c y t ic  p h o sp h o lip id  in v o lv e s  a  mechanism w hich d is c r im i­
n a te s  betw een d i f f e r e n t  f a t t y  a c id s  (M ulder, de G ie r ,  and Van Deenen,
\ lhI 963 ) .  I t  was a ls o  found th a t  C - la u r ic  a c id  was in c o rp o ra te d  to  a
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l e s s e r  degree th a n  C -p a lm itic  and C -m y ris tic  a c id s .  Lysed r a b b i t
e ry th ro c y te s  co n v ert l y s o l e c i t h l n  in to  l e c i t h i n  and g ly c e ry lp h o sp h o ry l-
c h o lin e  (M ulder, Van Den Berg, and Van Deenen, 1965 ) .  Form ation  o f
l e c i t h i n  was accom plished  by two re a c t io n s :  b y  a  t r a n s a c y la t io n
r e q u ir in g  th e  a d d i t io n  o f  ATP and coenzyme A, and  by a  d ism u ta tio n  o f
l y s o l e c i t h i n  accom panied by th e  fo rm ation  o f  g ly c e ro p h o sp h o ry lc h o lin e .
The human b lood  system  has  been s tu d ie d  more e x te n s iv e ly  th an  
th e  system  i n  o th e r  s p e c ie s .  T his i s  due p r im a r i ly  to  th e  im portance 
o f  in fo rm a tio n  abou t b lo o d  d u rin g  normal and d is e a s e  s t a t e s .
L ip id  components o f  human e ry th ro c y te s  a re  lo c a te d  m ainly  in  
th e  u n i t  membrane (de G ie r  e t  a l . ,  I 96U). These l i p i d s  a re  composed 
o f  p h o sp h o lip id s , c h o le s te r o l ,  c h o le s te r o l  e s t e r s ,  g ly c e r id e s ,  and 
f r e e  f a t t y  a c id s  w ith  p h o s p h o lip id s  and c h o le s te ro l  p redom inating  
(Sparkes and B e u t le r ,  1965 )•  The av erag e  p e rc e n t d i s t r i b u t i o n  o f  
p h o sp h o lip id s  has been  r e p o r te d  a s  p h o sp h a tid y l c h o lin e ,  30 p e rc e n t;  
p h o sp h a tid y l e th an o lam in e , 26 p e r c e n t ;  p h o sp h a tid y l s e r in e ,  15 p e r ­
c e n t;  and sph ingom yelin , 2k p e rc e n t  (Ways and H anahan, ■ 1965) • As 
w ith  o th e r  sp e c ie s  th e r e  i s  d isag reem en t concern ing  th e  r e l a t i v e  
p ro p o r tio n s  o f  th e  above l i p i d s  o f  human b lood  (C ornw ell e t  a l . ,
1968) .
E a r ly  s tu d ie s  o f  e r y th r o c y t ic  l i p i d  m etabolism  in d ic a te d  th a t  
m ature e ry th ro c y te s  w ere ca p ab le  o f  s y n th e s iz in g  l i p i d s  (Jam es, 
L ovelock , and Webb, 19595 Rowe, 1959)* Subsequent s tu d ie s  re v e a le d  
t h a t  e ry th ro c y te s  a re  in c a p a b le  o f  l i p i d  s y n th e s is  ex cep t a t  th e  
r e t ic u lo c y te  s ta g e  (Rowe, A l l i s o n ,  and L ovelock , i 960 ) .  M ature 
e ry th ro c y te s  a re  u n ab ie  to  s y n th e s iz e  lo n g -c h a in  f a t t y  a c id s  from 
a c e ta te  s in c e  th e y  la c k  th e  enzyme acety l-coenzym e A carb o x y lase  
(W eir and M artin , 1968) .  I t  i s  d i f f i c u l t  to  d is t in g u is h  betw een syn­
th e s i s  o f  l i p i d s  and exchange and i t  rem ains a  m ystery  as to  when 
c e l l u l a r  s y n th e s is  c ea se s  (S parks and B e u t le r ,  1965) .
Many m etab o lic  s tu d ie s  o f  e r y th ro c y t ic  l i p i d s  have u t i l i z e d
l4  32 ll+r a d io a c t iv e  p re c u rs o rs  such  a s  C -a c e ta te ,  P -phosphorus, and C-
long  ch a in  f a t t y  a c id s .  Rowe e t  a l .  ( i 960 ) ,  a f t e r  s tu d y in g  in c o rp o ra -  
lUt i o n  o f  C -a c e ta te  i n to  human le u k o c y te s  and e ry th ro c y te s ,  concluded 
t h a t  le u k o c y te s  acco u n ted  f o r  a l l  o f  th e  d e te c ta b le  r a d io a c t iv i t y  o f 
u n s a p o n if ia b le  l i p i d s .  They a l s o  found c o n s id e ra b le  in c o rp o ra t io n
in to  f a t t y  a c id s  o f  s a p o n if ia b le  l i p i d s  o f  le u k o c y te s  and e r y th ro ­
c y te s .
In c o rp o ra tio n  o f  f a t t y  a c id s  in to  p h o sp h o lip id s  o f  e r y th ro c y t ic  
membranes was s tu d ie d  by O l iv e i r a  and Vaughn ( I 96U). They fo^nd t h a t
lli
in c o rp o ra t io n  o f  C - f a t ty  a c id s  in to  p h o sp h o lip id s  o f  e r y th ro c y t ic  
g h o s ts  r e q u ire d  ATP. The r e a c t io n  was enhanced by MgClg and coenzyme
A. L in o le ic  a c id  was in c o rp o ra te d  t o  a  g r e a te r  e x te n t  th a n  o l e i c ,  
p a lm i t ic ,  o r  s t e a r i c  a c id s ,  and 80 to  90 p e rc e n t  o f  th e  r a d io a c t iv e  
f a t t y  a c id s  was found i n  th e  p - p o s i t io n  o f  l e c i t h i n .
T o ta l p h o sp h o lip id  e x t r a c t s  o f  norm al e ry th ro c y te s  c o n ta in  
33 f a t t y  a c id s  and 5 f a t t y  a ld eh y d es  (Dodge and P h i l l i p s ,  1967)*
These w orkers a lso  r e p o r te d  on th e  f a t t y  a c id  com position  o f  p h o s­
p h a t id y l  s e r in e ,  p h o sp h a tid y l e th a n o la m in e , l e c i t h i n ,  and sphingomye­
l i n .  Each o f  th e se  p h o sp h o lip id s  had  a  d i f f e r e n t  and d i s t i n c t i v e  
f a t t y  a c id  p a t te r n .
McLeod and B re s s le r  (1967 ) found t h a t  e ry th ro c y t ic  membranes
Ik  i k ,
in c o rp o ra te d  1 -  C -o le ic  a c id  and 1 -  C - l in o le ic  a c id  in to  r e s p e c t iv e
a c y lc a r n i t in e s ,  th u s  d em o n stra tin g  a c t i v i t y  o f  lo n g -c h a in  c a r n i t in e
t r a n s f e r a s e s .  M e th y ltra n s fe ra s e  a c t i v i t y  was a ls o  d em onstra ted  by
n o tin g  s ig n i f i c a n t  in c p r p o ra t io n  o f  r a d i o a c t i v i t y  i n t o  l e c i t h i n  and
sphingom yelin  when e r y th r o c y t ic  membranes w ere in c u b a te d  w ith
S-jM e-^^cJ ad en o sy lm e th io n in e .
C. Abnormal e r y th ro c y t ic  l i p i d s
1 . Bovine e ry th ro c y t ic  l i p i d s
In fo rm a tio n  co n cern in g  th e  l i p i d s  o f  bovine e ry th ro c y te s  i n  
v a r io u s  d is e a se  s t a t e s  i s  s c a r c e .  However, a t t e n t io n  has been g iv en  
to  th e  l i p i d s  in  anem ic c o n d i t io n s .
Bovine e ry th ro c y te s  in f e c te d  b y  A. m a rg in a le  undergo a  change 
in  u l t r a s t r u c t u r e  o f  th e  e r y th r o c y t ic  membrane (D im opoullos and 
B e d e ll ,  i 960 ; 1962) .  This a l t e r a t i o n  r e s u l t e d  from  a d e c re a se  i n  
p h o sp h o lip id  c o n c e n tra tio n  w hich was in v e r s e ly  p ro p o r t io n a l  to  
osm otic  f r a g i l i t y .  There was a l s o  a  d e c re a se  i n  c o n c e n tra tio n  o f  
plasm a p h o sp h o lip id  a t  th e  o u t s e t  o f  i n f e c t io n .  I t  was su g g ested  
t h a t  an  ab n o rm a lity  o f  p h o sp h o lip id  m etab o lism  e x is te d  due t o  A.- 
m arg in a le  i n f e c t io n .  A f u r th e r  s tu d y  o f  e r y th r o c y t ic  p h o sp h o lip id s  
d u rin g  an ap lasm o sis  a ls o  showed a  d r a s t i c  d e c re a se  i n  t o t a l  phospho­
l i p i d  c o n c e n tra tio n  o f  th e  membrane (S c h rad e r  and D im opoullos, 1963) .  
Lowered le v e l s  o f  c e p h a lin  and l e c i t h i n  w ere p r im a r i ly  r e s p o n s ib le  
fo r  t h i s  d e c rea se  even though a  s l i g h t  d e c re a se  i n  sphingom yelin  was 
n o ted . T o ta l  p h o sp h o lip id  c o n c e n tra t io n  r e tu rn e d  to  norm al d u rin g  
th e  co n v a le scen t s ta g e s .  The a u th o rs  h y p o th e s iz e d  th a t  e ry th ro c y t ic  
c e p h a lin s  and l e c i t h i n s  may be n e c e s s a ry  f o r  th e  m etabolism  o f  A. 
m a rg in a le .
Dommert ( I 966 ) an a ly zed  f a t t y  a c id s  o f  bov ine  e ry th ro c y te s  
in f e c te d  w ith  .E pery throzoon  w enyoni. F a t ty  a c id  p r o f i l e s  re v e a le d  
s l i g h t  d e c re a se s  i n  c o n c e n tra tio n  o f  f a t t y  a c id s  s h o r te r  th a n  
s t e a r i c  a c id .  F a t ty  a c id s  w ith  c h a in - le n g th s  lo n g e r  th a n  s t e a r i c  
a c id  showed an in c re a s e  i n  c o n c e n tra t io n .
2 . Human e r y th ro c y t ic  l i p i d s
E ric k so n  e t  a l .  i n  1937 re p o r te d  on e r y th ro c y t ic  l i p i d  changes 
d u rin g  d is e a s e  (P ran k erd , 1961 ) .  P e rn ic io u s  anem ia r e s u l t e d  i n  
low ered amounts o f  t o t a l  l i p i d ,  c h o le s te r o l ,  p h o sp h o lip id , and 
n e u t r a l  l i p i d  (Munn and C rosby, 1961 ) .  S ic k le  c e l l  anem ia produced 
in c re a s e s  i n  th e  c o n c e n tra tio n s  o f  th e s e  l i p i d s .
A nalyses o f  e r y th r o c y t ic  l i p i d s  from p a t i e n t s  w ith  paroxysm al 
n o c tu rn a l hem og lob inu ria  r e v e a le d  t h a t  c o n c e n tra tio n  o f  f a t t y  a c id s  
a r e  norm alj how ever, com p o sitio n  o f  th e  t o t a l  l i p i d  i s  found to  be 
abnorm al (Munn and Crosby, 1957)* The r a t i o  o f  arach idonL c a c id  and 
p en taen o ic  a c id  i s  h ig h  and th e r e  i s  a  d ec re a se  i n  o l e i c  a c id .  T his 
r e s u l t s  in  a  change i n  th e  co m p o sitio n  o f  l ip o p r o te in s  a t  th e  su rfa c e  
o f  th e  e ry th ro c y te s .
H e re d ita ry  sp h e ro c y to s is  cau ses  an  a b n o rm a lity  i n  th e  shape o f 
e ry th ro c y te s  su g g es tin g  t h a t  a  c e l l  membrane component may be a l t e r e d  
(A llis o n , K a te s , and Jam es, i 960) .  These w orkers p ro p o sed  an  a l t e r e d  
p h o sp h o lip id  s y n th e s is  i n  abnorm al c e l l s  which was m a n ife s te d  by 
low ered  le v e ls  o f  p h o sp h a tid y l e thano lam ine  and accu m u la tio n  o f  ly s o -  
p h o sp h a tid y l e than o lam in e . T here i s  a l s o  a  s l i g h t  d e c re a se  i n  t o t a l  
l i p i d s  d u rin g  t h i s  d is e a s e  (P ra n k e rd , 1961) .
N eerhout (1968a) has s tu d ie d  a b n o rm a lit ie s  o f  e r y th ro c y t ic  
s tro m al l i p i d s  i n  h e p a t ic  d i s e a s e .  He r e p o r te d  in c r e a s e d  t o t a l  
membrane l i p i d  w ith  a  p r o p o r t io n a l  in c re a s e  i n  p h o sp h o lip id  and 
c h o le s te r o l .  P h o sp h o lip id  f a t t y  a c id  p r o f i l e s  dem o n stra ted  in c re a se d  
amounts o f  p a lm it ic  and o l e i c  a c id s ,  and d ec reased  amounts o f  s t e a r i c ,  
a r a c h id o n ic , and lo n g e r  c h a in  f a t t y  a c id s .
Strom a from e ry th ro c y te s  o f  h y p e rlip e m ic  p a t i e n t s  co n ta in ed  
norm al c o n c e n tra tio n s  o f  t o t a l  l i p i d s  and p h o sp h o lip id s  b u t a  d ecrease  
i n  c h o le s te ro l  c o n c e n tra t io n  (N eerh o u t, 1968b ) .  Bagdade and Ways
( 1970) examined th e  l i p i d  c o m p o sitio n  o f  e r y th ro c y t ic  membranes from 
p a t i e n t s  w ith  exogenous and endogenous ty p es  o f  h y p e r tr ig ly c e r id e m ia . 
S trom al c h o le s te ro l  and p h o sp h o lip id  were reduced  i n  b o th  ty p e s  o f  
a b n o rm a lity . Plasma e x h ib i te d  in c re a s e d  l e v e l s  o f  t r i g l y c e r i d e - r i c h
l ip o p r o te in s .  I t  was concluded  t h a t  th e s e  changes: i n  b lood  l i p i d s  were 
a s s o c ia te d  w ith  a l t e r a t i o n s  o f  th e  e ry th ro c y t io  membfanes.
T o ta l l i p i d  a n a ly s is  o f  e ry th ro c y te s  d u rin g  po lycy them ia v e ra  
re v e a le d  a  s ig n i f i c a n t  drop i n  l i n o l e i c  a c id  c o n c e n tra tio n  
(Dhopeshwarkar and S u th a ta n k a r , 1968) .  These w orkers a ls o  n o ted  th a t  
th e  l e v e l  o f  s t e a r i c  a c id  i n  c h o le s te r o l  e s t e r s  in c re a s e d  w h ile  l e v e ls  
o f  a ra c h id o n ic  a c id  d e c re a se d . O le ic  a c id  c o n c e n tra tio n s  o f  e r y th ro ­
c y t ic  and plasm a p h o sp h o lip id  d e c re a se d . P a lm it ic  a c id  o f  plasm a 
t o t a l  l i p i d s  was h ig h e r  i n  p o ly cy th em ia  th a n  in  norm al p lasm a.
MATERIALS AND METHODS
A. E x p erim en ta l an im als
C alves o f  mixed breed  from 2-k  weeks o f  age were purchased  a t  
lo c a l  a u c t io n s  o r d a i r i e s .  They were fe d  s t a r t e y  r a t io n s  and re h y ­
d ra te d  powdered m ilk  o r  p laced  w ith  a  n u rse  cow u n t i l  th e y  were o f  
age to  be fe d  g r a in .  Hay and w a te r were a v a i la b le  ad  l ib i tu m .
I n  th e  bovine s p e c ie s ,  sp lenectom y overcom es n a tu r a l  r e s i s ta n c e  
to  an ap lasm osis  and augments s u s c e p t i b i l i t y  to  th e  d is e a s e  (Roby, 
G a te s , and M o tt, I 96I ;  Jones and B rock, 1966 ) .  T h e re fo re , a l l  
e x p e rim en ta l ca lv es  were sp lenectom ized  and a llo w ed  a s u rg ic a l  
rec o v e ry  p e r io d  o f  a t  l e a s t  2 weeks b e fo re  in o c u la t io n .
E xperim en ta l anap lasm osis was produced  by in o c u la t in g  ca lv es  
v ia  th e  ju g u la r  v e in  w ith  100 ml o f  whole b lo o d  from  a  c a r r i e r  
anim al o r  an  anim al w ith  an a c t iv e  i n f e c t io n .  Whole b lood  from 
ca lv es  w ith  a c t iv e  in fe c t io n s  produced an a p la sm o sis  i n  a  s h o r te r  
tim e th a n  whole b lood  from c a r r i e r  a n im a ls .
B. Hem atology
Blood f o r  hem ato log ic  ex am inations was coljLected by  ju g u la r  
v en ip u n c tu re  in to  evacuated  g la s s  c o n ta in e r s  (16  x  100 mm) which 
co n ta in ed  12 mg disodium  e th y len ed iam in e  t e t r a a c e t i e  a c id  (EDTA) as 
an a n t ic o a g u la n t .  These samples were exam ined f o r  p e rc e n t  o f  i n ­
fe c te d  e ry th ro c y te s  and packed c e l l  volum es (PCV) .  Blood smears 
were p re p a re d  on g la s s  s l id e s ,  f ix e d  w ith  m ethano l f o r  2 min and 
s ta in e d  w ith  Giemsa s t a i n  fo r  2 5 -3 ° m in. Anaplasma b o d ie s  were
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s ta in e d  b lu e  and found c lo se  to  th e  p e r ip h e ry  o f  th e  p in k is h -c o lo re d  
e ry th ro c y te s  when observed  u s in g  th e  o i l  im m ersion le n s  (mag. 900x) 
o f  th e  l i g h t  m icroscope. P e rc e n t i n f e c t io n  was c a lc u la te d  by counting  
th e  number o f  in fe c te d  and n o n - in fe c te d  e ry th ro c y te s  in  s e v e ra l  f i e l d s .  
Packed c e l l  volumes were d e te rm in ed  by th e  m ic ro -h e m a to c r it method.
When in f e c t io n  a t t a in e d  a  d e s ir e d  l e v e l ,  b lood  was c o l le c te d  by 
one o f  th e  fo llo w in g  p ro ced u res : l )  ju g u la r  v e n ip u n c tu re  w ith  50 ml
s y r in g e s  when sm all volumes were needed (300  ml o r l e s s ) .  2) exsan - 
g u in a t io n  by c a n n u la tio n  o f  th e  c a r o t id  a r t e r y  o r  by c a rd ia c  p u n c tu re  
in to  4  l i t e r  b o ttle s -w h e n  l a r g e . sam ples w ere d e s ir e d .  The c a rd ia c  
p u n c tu re  p ro ced u re  was used  m ost s in c e  i t  was r e l a t i v e l y  s im ple to  
p erfo rm  and r e s u l te d  i n  the; c o l l e c t io n  o f  l a r g e r  volumes o f  b lo o d .
C. P re p a ra t io n  o f  m a te r ia ls
1 . E ry th ro c y te s  and plasm a
Whole b lood  was c e n tr ifu g e d  a t  2 ,0 0 0  x g f o r  20 min and th e  
plasm a was reco v e red  fo r  su b seq u en t u s e .  The ^ e ry th ro c y te s  were 
washed 3 tim es w ith  p h y s io lo g ic a l  s a l in e  and le u k o c y te s  removed by 
a s p i r a t i o n .  The p e l l e t  o f  e ry th ro c y te s  rem ain in g  a f t e r  th e  l a s t  wash 
was in c u b a te d  under c o n d itio n s  d e s c r ib e d  l a t e r  ( s e c t io n  D ).
Plasm a serv ed  as  th e  suspend ing  medium f o r  in c u b a tio n  i n  a l l  
c a s e s . P r io r  to  u se  i t  was c e n tr i fu g e d  a t  12 ,000  x  g fo r  20 min to  
in s u re  t h a t  a l l  c e l l s  were removed.
2 . M arg ina l b o d ies
F or p re p a ra t io n  o f  m arg in a l b o d ie s ,  washed in f e c te d  e ry th ro c y te s  
were s o n ic a te d  and th e  r e s u l t i n g  su sp e n s io n  was s u b je c te d  to  d i f f e r e n ­
t i a l  c e n t r i f u g a t io n .  The p ro ced u re  o f  E l le n d e r  (196 6 ) was m odified  by
u s in g  p h o sp h a te -b u ffe re d  s a l in e  r a th e r  th a n  p h y s io lo g ic a l  s a l in e  
c o n ta in in g  0 .1  M sodium c i t r a t e .  An o u t l in e  o f  t h i s  p ro ced u re  i s  
p re se n te d  in  F ig u re  1 .
A ttem pts to  f u r th e r  p u r i f y  Anaplasma b o d ie s  in v o lv e d  i n  a d d i­
t io n  to  s o n ic a tio n  and d i f f e r e n t i a l  c e n t r i f u g a t io n ,  th e  u se  o f  
su cro se  d e n s i ty  g r a d ie n t s ,  and u l t r a c e n t r i f u g a t io n .  The p rocedure  
o f  R ogers, H idalgo  and D im opoullos (196*0 was m o d ified  by u s in g  
p h o sp h a te -b u ffe re d  s a l in e  r a t h e r  th a n  CF b u f f e r .  S ucrose  d e n s ity  
g r a d ie n ts  were p re p a re d  w ith  U ml o f  60 p e rc e n t  s u c ro se , and 7 ml 
each  o f  50 p e rc e n t ,  **0 p e r c e n t ,  and 30 p e rc e n t su c ro se . A diagram ­
m atic  scheme o f  t h i s  p ro ce d u re  i s  p re se n te d  i n  F ig u re  2 . Anaplasma 
b o d ie s  were m ost numerous a t  th e  30 and *+0 p e rc e n t i n t e r f a c e .  T h is 
f r a c t io n  was removed w ith  a  c u rv e - t ip p e d  P a s te u r  p ip e t t e  and washed 
once w ith  p h y s io lo g ic a l  s a l in e  to  remove th e  s u c ro s e . A pproxim ately  
tw o - th ird s  o f  th e  p e l l e t  was in c u b a te d  under c o n d itio n s  d e sc rib e d
l a t e r  ( s e c t io n  D ). The rem ain in g  o n e - th ir d  was in c u b a te d  under
lHs im ila r  c o n d itio n s  ex cep t N a-1 -  C -a c e ta te  was n o t added to  th e  
in c u b a tio n  system . A f te r  in c u b a t io n ,  t h i s  p e l l e t  was suspended in  
p h y s io lo g ic a l  s a l in e  and in j e c t e d  in to  th e  ju g u la r  v e in  o f  a  sp le n e c -  
tom ized c a l f  to  d e te rm in e  i f  th e  organism s were v ia b le  and capab le  o f  
p roducing  an ap la sm o sis .
3 . C hem ica lly -induced  anem ia
In  dom estic  an im als  anem ia i s  seldom a  p rim ary  c o n d itio n , b u t 
u s u a l ly  a  secondary  re sp o n se  fo llo w in g  an  in f e c t io n .  A ch em ica lly -  
induced  anem ia was produced  b y  a d m in is te r in g  in tra v e n o u s  in je c t io n s  
o f  p h en y lh y d raz in e  HC1. T h is  was done in  o rd e r  to  compare th e  chem i­
c a lly - in d u c e d  anem ia w ith  th e  anem ia caused by A. m a rg in a le . The
Inflected washed ery th ro cy tes
S o n ic a tio n  o f  equal volumes 
p h y s io lo g ic a l  s a l in e  (pH 7 .6 )  usin*
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F ig u re  1 . D iagram m atic scheme u t i l i z i n g  d i f f e r e n t i a l  c e n t r i f u g a t io n  
f o r  p re p a rin g  p a r t i a l l y - p u r i f i e d  Anaplasma b o d ie s .
Washed, in fe c te d  ery th ro cy tes
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F ig u re  2 . Diagram m atic scheme showing p ro ced u re  u t i l i z i n g  sucrose  
d e n s i ty  g r a d ie n ts  and u l t r a  c e n t r i f u g a t io n  to  p u r i f y  
Anaplasma b o d ie s .
d o sag es, tim e o f  i n j e c t i o n s ,  and h em ato lo g ic  re sp o n se  a re  p re se n te d  
i n  T able 2.
D. In c u b a tio n  o f  p re p a re d  m a te r ia ls
A pprox im ate ly  8 ml o f  norm al e r y th ro c y te s ,  in f e c te d  e ry th ro ­
c y te s ,  o r  e ry th ro c y te s  from a  c a l f  w ith  p h en y lh y d raz in e  anemia were 
resuspended  i n  ap p ro x im a te ly  k2 ml c e l l - f r e e  p lasm a. T h is  r e s u l te d  
i n  a  PCV o f  ap p ro x im a te ly  16 p e rc e n t w hich was n e a r  th e  PCV o f  an im als 
a t  peak in f e c t io n .  P a r t i a l l y - p u r i f i e d  Anaplasma b o d ies  were r e s u s ­
pended i n  50 ml c e l l - f r e e  p lasm a. P e n i c i l l i n  (1 ,0 0 0  u n i t s  p e r  m l) ,
s trep to m y cin  (1 ,5 0 0  u n i t s  p e r  m l) , EDTA (0 .0 1  ml o f  0 .1  p e rc e n t
. Ik 1I4.
s o lu t io n  p e r  m l) , and 1 |4Ci p e r  ml N a-1- C -a c e ta te  o f  N a-1- C-
la u r a te  was added (D im opoullos and Jam es, 1967) .  I n i t i a l  in c u b a tio n s
w ere fo r  5 h r  and 20 h r  a t  38 C on a  r o ta r y  sh ak e r. S in ce  l i t t l e
d if f e re n c e  was n o te d  betw een  5 h r  and 20 h r  in c u b a tio n s ,  th e  20 h r
in c u b a tio n  tim e  was d is c o n tin u e d . The t o t a l  tim e re q u ire d  fo r
c o l le c t io n  o f  b lo o d  by  e x s a n g u in a tio n , p u r i f i c a t i o n  o f  th e  b o d ie s ,
1I4.
and in c u b a tio n  w ith  N a-1- C -a c e ta te  was 19 h r .  I n je c t io n s  o f  th e  
p a r t i a l l y - p u r i f i e d  b o d ie s  i n t o  th e  f i r s t  c o n tro l  c a l f  d id  n o t produce 
an ap lasm o sis . I n  o rd e r  to  d e c re a se  th e  t o t a l  tim e needed fo r  p re ­
p a ra t io n  o f 2 a d d i t io n a l  sam ples and reduce  th e  p o s s ib le  in a c t iv a t io n  
o f  th e  organism  th e  in c u b a t io n  p e r io d  w ith  is o to p e  was reduced  from 
5 h r  to  3 h r .  Two c a lv e s  in o c u la te d  w ith  th e se  sam ples developed 
c l i n i c a l  a n a p la sm o sis .
E. E x tr a c t io n  o f  l i p i d s
A f te r  in c u b a t io n  e ry th ro c y te s  o r  m arg in a l b o d ies  w ere s e p a ra te d  
from plasm a by  c e n t r i f u g a t io n  and washed 3 tim es w ith  p h y s io lo g ic a l  
s a l in e  a t  2000 x  g f o r  20 m in.
The r e s u l t in g  volum es o f  e ry th ro c y te s ,m a rg in a l  b o d ie s ,a n d  plasma 
were e x tra c te d  w ith  20 volumes o f  ch lo roform -m ethanol ( 2/ l ,  v /v ) .  
E ry th ro cy te s  were added s lo w ly  t o  co ld  m ethanol and s t i r r e d  v ig o r ­
o u s ly  f o r  s e v e ra l  m in u tes  p r i o r  to  a d d i t io n  o f  ch lo ro fo rm  to  p re v e n t 
clumping o f  th e  e r y th r o c y te s .  E x tr a c t io n  was allow ed  to  p roceed  fo r  
a minimum o f  12 h r  on m ag n e tic  s t i r r e r s .  A ll  s o lv e n ts  w ith  th e  ex­
c ep tio n  o f  d ie th y l  e th e r  were r e d i s t i l l e d  p r io r  t o  u s e .
E x tra c ts  o f  e r y th r o c y te s ,  p lasm a, and m arg in a l b o d ie s  were 
f i l t e r e d  th rough  2 th ic k n e s s e s  o f  Whatman No. 1 f i l t e r  p ap er and 
evaporated  to '-ap p ro x im a te ly  £0 ml by  means o f  a  ro tary -vacuum  
e v a p o ra to r. The e x t r a c t s  w ere washed by th e  method o f  F o lch  e t  a l .  
(1957)» and d r ie d  o v er anhydrous sodium s u l f a t e  f o r  a  minimum o f  I 2 h r .  
A ll samples were p la c e d  i n . ch lo ro fo rm  and s to r e d  u nder n i tro g e n  a t  ^ C 
u n t i l  th ey  were p re p a re d  f o r  t h i n - l a y e r  chrom atography (TLC). P r io r  
to  u s e ,  th e  ch lo ro fo rm  was ev a p o ra te d  under n i t ro g e n  to  a  f i n a l  
volume' o f  a p p ro x im a te ly  1-2  m l.
F. T h in - la y e r  chrom atography and l i q u id  s c i n t i l l a t i o n  coun ting
Pyrex p la te s  (200 x 200 mm) were washed, r in s e d ,  .o v en -d ried , 
and c lean sed  w ith  m ethanol b e fo re  u s e .  A s lu r r y  o f  S i l i c a  Gel G was
p rep ared  by m ixing 22 .5  grams w ith  50 nil w ater and sp read  on th ei
p la te s  i n  a la y e r  0 .25  nrni t h i c k .  A f te r  a i r - d r y in g  fo r  20-30 m in u tes, 
th e  p la te s  were a c t iv a te d  i n  an  oven a t  115 C p r io r  to  b e in g  used  fo r 
l i p i d  s e p a ra tio n .
Excess s i l i c a  g e l  was removed from th e  back  and edges o f  th e  
TLC p la te s  apd a  la n e  20 mm i n  w id th  was m arked. A s ta n d a rd  m ix tu re  
(Hormel I n s t i t u t e  S tan d ard  M ix tu re  I I-A ) c o n ta in in g  c h o le s te r o l ,  
C h o le s te ro l o l e a t e ,  t r i o l e i n ,  o l e i c  a c id ,  and hydrogenated  l e c i t h i n
was s p o tte d  in  t h i s  la n e  ap p ro x im a te ly  15 mm from th e  bottom  o f th e  
p l a t e .  L ip id  e x t r a c t s  w ere a p p l ie d  co rresp o n d in g  t o  th e  s tan d a rd  
sp o t a s  a l in e  o f  o v e r - la p p in g  s p o ts .  The s ta n d a rd  and l i p i d  e x t r a c t s  
were a p p lie d  u s in g  a  g la s s  tu b e r c u l in  sy rin g e  (1  ml) w ith  a  b en t 27 
gauge n e e d le .
A so lv e n t system  composed o f  126 ml p e tro leu m  e th e r ,  22 .5  ml 
d ie th y l  e th e r ,  and 1 .5  ml fo rm ic  a c id  was p re p a re d  d a i ly  and p laced  
in  Desaga chrom atography ta n k s .  P ap er w icks w ere p la ce d  along th e  
back and s id e s  o f  th e  ta n k s  t o  in c r e a s e  vapor c o n c e n tra tio n  i n  th e  
upper p o r tio n  o f  th e  t a n k s . The TLC p la t e s  were developed u n t i l  th e  
so lv e n t f ro n t  was ap p ro x im a te ly  10 mm from th e  to£>. A f te r  develop ­
m ent, th e  p la te s  w ere d r ie d  u n d er n i t ro g e n  to  remove t r a c e s  o f  
s o lv e n ts .
L ip id  c la s s e s  were v i s u a l iz e d  b y  p la c in g  TLC p la te s  i n  a 
chrom atography ta n k  c o n ta in in g  io d in e  c r y s t a l s .  Bands correspond ing  
to  s tan d a rd  sp o ts  w ere sc ra p e d  on to  sh e e ts  o f  g la s s in e  w eighing 
paper and t r a n s f e r r e d  i n t o  l i q u i d  s c i n t i l l a t i o n  v i a l s  (Low K g l a s s ) .  
F i f te e n  ml o f  2 ,5 -b is - [2 - (5 - te r t -B u ty lb e n z o x a z o ly l) ] -T h io p h e n e  (BBOT) 
were added to  each  v i a l  a s  th e  s c i n t i l l a t o r  f l u i d  (Snyder, 1968) .
V ia ls  were w iped c le a n , shaken  v ig o ro u s ly ,  and p ro te c te d  from sun­
l i g h t  to  p re v e n t p h o to a c t iv a t io n  o f  th e  s c i n t i l l a t o r  f l u i d .  R adio­
a c t i v i t y  d e te rm in a tio n s  w ere made u s in g  a  Beckman L iq u id  S c i n t i l l a t i o n  
S p ec tro m ete r.
A chem ical quench c o r r e c t io n  curve was p re p a red  in  o rd e r  to  make
ll+
e f f ic ie n c y  c o r r e c t io n s .  The c o c k ta i l  u sed  co n ta in e d  20 | J U l  C -to lu en e  
(4 .2 9  x  10^ dpm p e r  ml) p e r  15 ml BBOT. F i f te e n  ml o f  t h i s  sp iked  
c o c k ta i l  were p ip e t te d  in to  s c i n t i l l a t i o n  v i a l s  and d i f f e r e n t  amounts
o f  ch lo ro fo rm  added as th e  chem ical quencher (Wang and W i l l i s ,  1965)*
T r ip l i c a te  sam ples o f  each volume o f  ch lo ro fo rm  were th e n  counted
w ith  th e  Beckman L iq u id  S c i n t i l l a t i o n  S p ec tro m e te r, and o f  S
v a lu e s  and p e rc e n t e f f i c i e n c y  were p lo t t e d  g r a p h ic a l ly  to  p re p a re  a
c o r re c t io n  c u rv e . The e f f i c i e n c y  o f  th e  s c i n t i l l a t i o n  c o u n te r  used
ll*
i n  t h i s  s tu d y  was c a lc u la te d  by  means o f  a  s e a le d  C -s tan d a rd  
(P ack a rd ). Quench c o r r e c t io n  d a ta  a re  shown i n  T able 1 , and th e  
quench c o r r e c t io n  curve i s  g iv e n  i n  F ig u re  3»
G. P re p a ra t io n  o f  m ethy l e s t e r s
F a t ty  a c id s  o f  v a r io u s  l i p i d  c la ;sses were co n v erted  to  m ethyl 
e s t e r s  by  i n t e r e s t e r i f i c a t i o n  u s in g  th e  method o f  S t o f f e l ,  Chu, and 
Ahrens (1959) w ith  m o d if ic a tio n s  d e sc r ib e d  by C onnellan  and M aste rs  
(1965). L ip id  c la s s e s  w ere sc rap ed  on to  g la s s in e  w eighing p ap er and 
t r a n s f e r r e d  to  20 x 150 mm tu b e s  w ith  ground g la s s  s to p p e rs .  These 
tu b e s  were u sed  fo r  t ra n s m e th y la t io n , w ashing , and e x t r a c t io n  o f  th e  
m ethyl e s t e r s .  F iv e  ml o f  t ra n s m e th y la tio n  s o lu t io n  c o n ta in in g  150 
ml d ry  m eth an o l, 75 ml b en zen e , and 7*5 ml s u l f u r i c  a c id  were added 
to  th e  sam ples i n  th e  tra n s m e th y la t io n  tu b e s .  The m ix tu re s  w ere r e ­
f lu x e d  a t  ap p ro x im a te ly  120 C f o r  a  minimum o f  ljr h r  and a llow ed  to  
cool p r io r  to  e x t r a c t io n  and w ashing. A pproxim ately  5 nil o f  p e tro leu m  
e th e r  were added and th e  tu b e s  were f i l l e d  th r e e - q u a r te r s  f u l l  w ith  
d i s t i l l e d  w a te r .  They w ere su b se q u e n tly  shaken v ig o ro u s ly , and a llow ed  
to  s ta n d  u n t i l  th e  p e tro le u m  e th e r  and w a te r phases had s e p a ra te d . The 
low er w ater phase was removed w ith  a  P a s te u r  p ip e t t e  and th e  w ashing 
p ro ced u re  re p e a te d  3 tim e s  to  remove t r a c e s  o f  a c id .  A f te r  th e  l a s t  
{rash, th e  p e tro le u m  e th e r  la y e r  was removed and d r ie d  o v er anhydrous 
sodium s u l f a t e  f o r  a t  l e a s t  It? h r . The m ethyl e s te r s  were su b se q u e n tly
c o n c e n tra te d  by e v a p o ra tio n  under n i t ro g e n  u s in g  a  w a te r -b a th  a t  
ap p ro x im a te ly  65 C. They were th e n  p ip e t te d  in to  an i n t e r n a l l y -  
th re a d e d  s lu g  and p la c e d  i n  th e  ra d io ch e m ic a l g as  chrom atograph.
H. Gas r l iq u id  chrom atography
D uring t h i s  phase o f  th e  s tu d y  a  ra d io ch e m ic a l gas chrom atograph
developed  by James and P ip e r  ( 1963 ) was u se d . The column i s  connected
d i r e c t l y  to  a  fu rn ac e  tu b e  c o n ta in in g  copper ox id e  (600 c) i n  which
a l l  o rg a n ic  components a re  combusted to  carbon d io x id e  and w a te r .
W ater i s  reduced  y ie ld in g  hydrogen by i r o n  f i l i n g s  and th e  hydrogen
in  argon  i s  d e te c te d  a s  th e  gas  s tream  flow s to  a k a th a ro m e te r . The
carbon d io x id e  e n te r s  a  p ro p o r t io n a l  c o u n te r  which d e te c ts  io n iz in g  
1I4.
r a d ia t io n  from C.
S e p a ra tio n  o f  f a t t y  a c id  e s t e r s  o f  l i p i d  c la s s e s  was accom­
p l is h e d  by u s in g -a  l/U  in c h  x 6 l /2  f e e t  copper column packed w ith  
20 p e rc e n t d ie th y le n e  g ly c o l  a d ip a te  on Chromosorb W. Column tem ­
p e ra tu re  was m a in ta in ed  a t  200 C and th e  flow  r a t e  o f  argon c a r r i e r  
gas was 50 ml p e r  m in. L ip id  c la s s e s  w ere s e p a ra te d  by TLC as  p r e ­
v io u s ly  d e sc rib e d  ex cep t bands were v is u a l iz e d  b y  sp ray in g  w ith  a 
0 .2  p e rc e n t e th a n o l ic  s o lu t io n  o f  2 , 7 - d ic h lo r o f lu o re s c e in  and 
o b se rv in g  under u l t r a v i o l e t  l i g h t .  The 2 ,7 -d ic h lo r o f lu o r e s c e in  was 
u sed  in s te a d  o f  io d in e  b ecau se  io d in a t io n  would occu r w ith  any double 
bands p re s e n t .  T h is  ty p e  o f  s a tu r a t io n  would a l t e r  th e  r e t e n t io n  
tim es  o f  th e  compounds d u rin g  g a s - l iq u id  chrom atography (GLC) a n a ly s is .
The p ro p o r t io n a l  c o u n te r  o f  th e  rad io ch em ica l gas chrom atograph 
was i n s e n s i t iv e  to  th e  low l e v e l s  o f  r a d i o a c t i v i t y  p r e s e n t  i n  th e  sam­
p le s .  T h e re fo re , i t  was n e c e s sa ry  to  t r a p  carbon d io x id e  i n  a  phenethy  
lam ine s o lu t io n  to  d e te rm in e  r a d i o a c t i v i t y  (W o e lle r, I 96O'). T h is
s o lu t io n  was composed o f  10 grams n a p h th a le n e , 0 .5  gram o f  2 , 5 -d ip h e n y l- 
o x azo le  (PPO), 0 .0 1  gram o f  l ,U ,-b is - ]2 (5 -p h e n y lo x a z o ly l) J -b e n z e n e  
(P0P0P), 27 ml m ethano l, 30 ml p h en e th y lam in e , and b ro u g h t up to  a  
volume o f  100 ml w ith  to lu e n e .  Two ml phenethy lam ine s o lu t io n  were 
p ip e t te d  in to  8 x  75 mm g la s s  tu b e s .  The tu b in g  co n n ec tin g  th e  k a th -  
a ro m ete r and p ro p o r t io n a l  co u n te r  was d isco n n e c te d  and a  c a p i l l a r y  
tu b e  w ith  a  drawn o u t t i p  p la c e d  i n  th e  end o f  th e  tu b in g . Carbon 
d io x id e  co rresp o n d in g  to  mass peaks was tra p p e d  by im m ersing th e  
c a p i l l a r y  tu b e  in to  phenethy lam ine s o lu t io n .  The phenethy lam ine 
s o lu t io n  was d ecan ted  in to  s c i n t i l l a t i o n  v i a l s ,  and th e  tu b e s  r in s e d  
w ith  2 ml s c i n t i l l a t o r  f l u i d .  An a d d i t io n a l  10 ml o f  s c i n t i l l a t o r  
f lu id  was added to  each v i a l .  The s c i n t i l l a t o r  f lu i d  co n ta in e d  0 .1  
gram P0P0P and 3 grams PPO p e r  l i t e r  o f  to lu e n e .  R a d io a c t iv i ty  
d e te rm in a tio n s  w ere made w ith  th e  Beckman L iq u id  S c i n t i l l a t i o n  Spec­
tro m e te r  .
S tan d ard s  o f  f a t t y  a c id  m ethy l e s t e r s  were chrom atographed 
p r io r  to  and a f t e r  unknown sam ples. These s ta n d a rd s  c o n ta in e d  th e  
fo llo w in g  f a t t y  a c id  e s te r s :  C 11:0 , C12:0, C 13:0, C l4 :0 , C15:0,
C l6 :0 , C17:0, C l8 :0 , C l8 : l ,  C l8 :2 , C 20:0, C 22:0, C 2 2 :l, 0 2 ^ :0 , and 
0 2 ^ :1 . F a t ty  a c id s  w ere i d e n t i f i e d  by  com parison o f  r e t e n t io n  tim es 
to  s ta n d a rd s . The method o f  m easuring  peak  h e ig h t  and o n e -h a lf  peak 
w id th  was used  to  d e term in e  th e  a r e a  o f  each p eak , t o t a l  a re a s  o f  a l l  
p e a k s , and th e  r e l a t i v e  p e rc e n t  a r e a  o f  each  peak .
T able 1 . D ata u sed  i n  p re p a ra t io n  o f  chem ical quench c o r re c t io n  cu rv e .
Amount ch lo ro fo rm  ;
added (li-l) A verage cpm* \ S v a lu e  P e rc e n t E f f ic ie n c y
0 7097 0.924 91.5
5 7087 0.893 91.4
10 7069 0.877 91.1
25 7062 0.867 91.0
50 7007 0.818 90.3
75 6973 0.787 89.9
100 6966 0.740 89.8
150 6905 0.700 89.O
200 6831 0.638 88.1
300 6694 0.547 86.3
350 6665 0.540 85.9
500 6299 0.334 81.2
6oo 6247 0.320 80.5
700 6148 0.261 79-3
800 6029 0.210 77.7
1005 5775 0.122 74.4
2010 4285 0.001 55.2












F ig . 3 * Quench c o r r e c t io n  cu rv e  o b ta in e d  by p l o t t i n g  log^Q ."S.". v a lu e s  
from  th e  Beckman L iq u id  S c i n t i l l a t i o n  System  v s . p e rc e n t 
e f f i c i e n c y  o f  th e  in s tru m e n t .
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Table 2 . D osage, i n j e c t i o n  t im e s , and hem ato log ic  v a lu es  o f  a  c a l f  
w ith  anem ia in d u ced  w ith  p h en y lh y d raz in e  HC1.
Time o f  ■g
in je c t io n  (d ay s) Dose (mg)a  PCV (p e rc e n t)  RBC count x  10
1 250 ^3 9 .96
2 250 38 8 .13
3 250 38 5 .08
k 250 35 5.12
5 500 31 k .6 l
6 - 28 3 .6 9
7 - 25 3 .6 8
8 - 22 3 .0 9
9 250 20 2 .5 0
10 250 20 -
11 - 18 2 .2 8
12 500 19 2 .7 2
13 - 19 2 .91
lh - 19 2 .93
61 F ive ml p h en y lh y d raz in e  s o lu t io n  c o n ta in ed  250 mg p h en y lh y d raz in e  
HC1.
RESULTS AND DISCUSSION
I t  i s  documented t h a t  A. m arg in a le  causes an a l t e r a t i o n  i n
l i p i d  co m p o sitio n  o f  bov ine  e ry th ro c y te s  (S ch rad e r and D im opoullos,
1963) .  The l i p i d  m etabolism  o f  in f e c te d  bovine e ry th ro c y te s  u s in g
r a d io a c t iv e  l i p i d  p re c u rs o rs  has n o t been  in v e s t ig a te d .  This
r e s e a r c h  was done i n  an  e f f o r t  to  le a r n  more ab o u t l i p i d  m etabolism
o f  bo v in e  e ry th ro c y te s  in f e c te d  w ith  A. m a rg in a le . The p r o je c t
in v o lv e d  in c u b a tin g  norm al e ry th ro c y te s ,  in f e c te d  e ry th ro c y te s  a t
v a r io u s  d eg rees  o f  i n f e c t io n ,  and p a r t i a l l y - p u r i f i e d  Anaplasma b o d ie s  
lUw ith  N a-1 - C -a c e ta te  which i s  a  known l i p i d  p r e c u r s o r .  C e l l - f r e e  
p lasm a se rv ed  a s  th e  in c u b a tio n  medium i n  a l l  c a s e s . A f te r  in c u b a ­
t i o n ,  th e  l i p i d  c la s s e s  o f  l i p i d  e x t r a c t s  from e ry th ro c y te s ,  
Anaplasma b o d ie s ,  and plasm a were s e p a ra te d  by  TLC and assay ed  fo r  
r a d i o a c t i v i t y  by  l i q u id  s c i n t i l l a t i o n  co u n tin g . R a d io a c t iv i ty  
d e te rm in a tio n s  were a ls o  conducted on th e  f a t t y  a c id  e s t e r s  o f  th e  
m ajo r l i p i d  c la s s e s  by rad io ch em ica l gas  chrom atography.
A. Normal b lo o d  from a s p le n ic  c a lv es
S in ce  A. m arg in a le  cannot be p ro p ag a ted  i n  v i t r o , i t  was
n e c e s s a ry  to  approach  t h i s  s tu d y  by o b se rv in g  d i f f e r e n c e s  betw een
ll+th e  u p ta k e  and accum ula tion  o f  N a-1- C -a c e ta te  in to  l i p i d s  o f  
norm al and in f e c te d  e ry th ro c y te s .  Blood sam ples were ta k e n  r e g u la r ­
l y  from  2 u n in fe c te d ,  a s p le n ic  c a lv es  and obperved m ic ro s c o p ic a lly  
to  e n su re  th e  b lo o d  was f re e  o f  E . w enyoni. T h is  organ ism  sometimes
i n f e c t s  a s p le n ic  c a lv e s  and in t e r f e r e s  w ith  th e  developm ent o f  a n a -
1 -̂p la sm o s is .  D ata  on th e  up take  and accu m u la tio n  o f  N a-1- C -a c e ta te
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in to  m ajor l i p i d  c la s s e s  o f  b lo o d  frbm  th e s e  a s p le n ic  c a lv e s  a re  p r e ­
se n te d  i n  T able 3*
These d a ta  show t h a t  m ost r a d i o a c t i v i t y  o f  e r y th ro c y t ic  l i p i d  
a f t e r  5 h r  o f  in c u b a tio n  was found i n  th e  p h o sp h o lip id s  and f re e  
f a t t y  a c id s  w ith  l e s s e r  amounts i n  s t e r o l s ,  t r i g l y c e r i d e s ,  and s t e r o l  
e s t e r s .  The p h o sp h o lip id s  c o n ta in ed  a lm ost 2 tim es  more r a d io a c t iv i t y  
th a n  f r e e  f a t t y  a c id s ,  ap p ro x im a te ly  8 tim es more th a n  s t e r o l s ,  and 
ap p ro x im a te ly  20 tim es  more th a n  t r i g l y c e r i d e s  and s t e r o l  e s t e r s .
These r e s u l t s  g e n e r a l ly  a g re e  w ith  th o se  o f  M u lle r and D avis (1966) 
who worked w ith  bovine b lo o d  and found a f t e r  a  U-hr in c u b a tio n  p e r io d , 
t h a t  ab o u t k 5 p e rc e n t o f  th e  r a d i o a c t i v i t y  was i n  p h o sp h o lip id s  and 
ab o u t 55 p e rc e n t i n  t r i g l y c e r i d e s  p lu s  f r e e  f a t t y  a c id s .  S ig n i f ic a n t  
r a d io a c t iv i t y  was n o t n o ted  i n  s t e r o l  e s t e r s .  Perhaps th e  d if fe re n c e s  
a re  due to  u n lik e  e x p e rim en ta l p ro ced u res  s in c e  t h e i r  in c u b a tio n s  were 
c o n tro l le d  i n  an atm osphere o f  95 p e rc e n t  oxygen and 5 p e rc e n t carbon 
d io x id e . In c u b a tio n s  in  t h i s  p r e s e n t  s tu d y  were conducted  in  a normal 
a tm osphere.
Most o f  th e  r a d i o a c t i v i t y  o f  e r y th ro c y t ic  l i p i d s  a f t e r  20 h r 
o f  in c u b a tio n  was a l s o  i n  th e  p h o sp h o lip id s  and f r e e  f a t t y  a c id s .
There was a  s l i g h t  d e c re a se  i n  th e  amount o f  r a d i o a c t i v i t y  in  th e  
f r e e  f a t t y  a c id s ,  how ever, and an  in c re a s e  o f  r a d i o a c t i v i t y  appeared  
i n  s t e r o l s  and a  d ec re a se  i n  s t e r o l  e s t e r s .
The m a jo r i ty  o f  r a d i o a c t i v i t y  in c o rp o ra te d  in to  plasm a l i p i d s  
a f t e r  5 h r  o f  in c u b a tio n  was found i n  th e  f r e e  f a t t y  a c id s .  This 
c la s s  had ap p ro x im a te ly  10 tim es  more r a d i o a c t i v i t y  th a n  p h o sp h o lip id s  
and ap p ro x im a te ly  17 tim es  more r a d i o a c t i v i t y  th a n  s t e r o l s .  There was 
no s ig n i f i c a n t  r a d i o a c t i v i t y  i n  th e  t r i g l y c e r i d e  o r s t e r o l  e s te r
T able 3- I n  v i t r o  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  in to  b lo o d  l i p i d s  o f  u n in fe c te d  a s p le n ic  
c a lv e s .
jo R a d io a c t iv i ty 8, ^
In c u b a tio n  Time
5 h r . 20 h r .
L ip id  c la s s e s ______________________________ E ry th ro c y te s  Plasma_____ E ry th ro c y te s_____ Plasm a
Pho s p h o lip id s 57-6 7 .8 58.0 1 1 .9
S te r o ls 7 .2 4 .8 1 1 .6 2 .4
F ree  f a t t y  a c id s 3 1 .1 86 .5 27-4 8 5 .2
T r ig ly c e r id e  s 2 .6 0 .9 2 .8 0 .5
S te r o l  e s t e r s 1 .6 0 .3 0 .3 0 .1
& Percent r a d io a c t iv ity  o f  fr a c t io n s  ca lc u la te d  from cpm determined by l iq u id  s c in t i l l a t io n
counting.
Average o f  data from 2 c a lv e s .
c la s s e s .  S ince  s y n th e s is  does n o t o ccu r i n  c e l l - f r e e  plasm a th e  
r a d io a c t iv i t y  p re s e n t  in  th e  d i f f e r e n t  c la s s e s  m ust have been in c o r ­
p o ra te d  in to  e r y th ro c y t ic  l i p i d s  and th e n  e i t h e r  s e c re te d  in to  th e
i
plasm a o r  exchanged w ith  p lasm a l i p i d s  (D im opoullos and Jam es, 1967) .  
A f te r  20 h r  o f  in c u b a tio n  th e  amount o f  r a d i o a c t i v i t y  i n  th e  f r e e  
f a t t y  a c id s  was v e ry  s im i la r  to  t h a t  o f  th e  sample in c u b a te d  f o r  5 
h r .  There was an in c re a s e  i n  a c t i v i t y  o f  th e  p h o sp h o lip id s  and a  
d ec re a se  in  s t e r o l s  compared to  th e  5"h r in c u b a tio n  p e r io d .
These d a ta  show t h a t  m ost o f  th e  r a d io a c t iv e  a c e ta te  went to  
th e  p h o sp h o lip id s  and fn ee  f a t t y  a c id s  o f  e r y th ro c y t ic  l i p i d s .  I t  
has been  r e p o r te d  t h a t  m ature e ry th ro c y te s  cannot s y n th e s iz e  l i p i d s  
from a c e ta te  b u t can exchange l i p i d s  w ith  pla-sma (Van Deenen and 
de G ie r ,  196^ ; M ulder and Van D eenen, 1965 ) .  I t  i s  p o s s ib le  t h a t  a 
few r e t ic u lo c y te s  and le u k o c y te s  were p r e s e n t  in  th e  c e l l  p o p u la tio n  
which was in c u b a ted  and th e s e  c e l l s  cou ld  be r e s p o n s ib le  f o r  sy n th e ­
t i c  a c t i v i t i e s  u t i l i z i n g  a c e ta t e  (M arks, G e llh o rn , and K idson, i 960 ) .  
S in ce  th e  p h o sp h o lip id  c o n c e n tra tio n  o f  bov ine  e ry th ro c y te s  i s  g r e a te r  
th a n  o th e r  l i p i d  c la s s e s  (N elso n , 1967a )  i t  seems re a so n a b le  t h a t  more 
r a d io a c t iv e  a c e ta te  would be in c o rp o ra te d  in to  p h o sp h o lip id s .
P r a c t i c a l ly  a l l  o f  th e  r a d i o a c t i v i t y  o f  plasm a was found i n  th e  
f r e e  f a t t y  a c id s .  T his i s  ex p ec ted  s in c e  album in o f  plasm a se rv e s  as  
a  p rim ary  t r a n s p o r t  o f  th e s e  compounds i n  b lood  (D ole, 1956; Gordon 
and C herkes, 1956).
B. I n fe c te d  b lood  from a s p le n ic  c a lv e s
llj.
D ata showing th e  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  in to  b lood  
l i p i d s  d u ring  v a r io u s  s ta g e s  o f  in f e c t io n  a r e  g iv en  i n  T ab les  k and
5 ( p r io r  to  peak) and T ab le s  6 and 7 ( a f t e r  p e a k ) . A f te r  an  in c u b a tio n  
tim e o f  5 b r  m ost o f  th e  r a d i o a c t i v i t y  o f  e r y th ro c y t ic  l i p i d s  was found 
i n  s t e r o l s .  A l l  s ta g e s  o f  in f e c t io n  showed v e ry  s im i la r  p e rcen tag es  
i n  s t e r o l s  ex ce p t i n  th e  case  o f  2 c a lv e s  w ith  in f e c t io n s  o f  58 p e rc e n t .  
The a c t i v i t y  i n  th e  s t e i o l s  a t  t h i s  tim e was h ig h e r  th a n  a t  any o th e r
I
s ta g e  o f  in f e c t io n .  The 37 p e rc e n t  and 89 p e r c e n t  in f e c t io n s  had s im i­
l a r  amounts o f  r a d i o a c t i v i t y  i n  th e  p h o s p h o lip id s . P h o sp h o lip id s  in  
th e  e ry th ro c y te s  o f  th e  c a lv e s  w ith  37 p e rc e n t  and 89 p e rc e n t i n f e c t io n  
c o n ta in ed  ab o u t 2 tim es  more r a d i o a c t i v i t y  th a n  d id  th e  58 p e rc e n t and 
ab o u t 2 tim es l e s s  th a n  th e  80 p e rc e n t  i n f e c t io n .  A pproxim ately  2 
tim es  more r a d i o a c t i v i t y  was found i n  th e  f r e e  f a t t y  a c id s  o f  th e  37 
p e rc e n t and 80 p e rc e n t  in f e c t io n s  compared to  th e  58 p e rc e n t and 89 
p e rc e n t in f e c t io n s .  The r a d i o a c t i v i t y  found in  t r i g ly c e r id e s  o f  th e  
37 and 58 p e rc e n t  i n f e c t io n s  was s im i la r  and abou t 3 tim es l e s s  th an  
th e  r a d i o a c t i v i t y  o f  th e  89 p e rc e n t  i n f e c t io n .  S ig n i f i c a n t  r a d io ­
a c t i v i t y  was n o t found i n  t r i g l y c e r i d e s  o f  th e  c a l f  w ith  an 80 p e rc e n t 
i n f e c t io n .  I n f e c t io n s  o f  37 p e r c e n t ,  5 8  p e r c e n t ,  a n d  89  p e rc e n t 
showed s im i la r  amounts o f  r a d i o a c t i v i t y  i n  th e  s t e r o l  e s t e r s  w h ile  no 
s ig n i f i c a n t  r a d i o a c t i v i t y  was found i n  th e  80 p e rc e n t i n f e c t io n .
There were no m ajor d i f f e r e n c e s  in  th e  d i s t r i b u t i o n  o f  r a d io a c t iv i t y  in  
e ry th ro c y t ic  l i p i d  c la s s e s  a f t e r  5 h r  and 20 h r  o f  in c u b a tio n .
The r a d i o a c t i v i t y  o f  p lasm a l i p i d s  a f t e r  5 h r  o f  in c u b a tio n  
was found m o stly  in  th e  s t e r o l s  o f  th e  58 p e r c e n t ,  80 p e r c e n t ,  and 
89 p e rc e n t in f e c t io n s .  M ost r a d i o a c t i v i t y  o f  th e  37 p e rc e n t in f e c t io n  
was found in  th e  f r e e  f a t t y  a c id s .  R a d io a c t iv i ty  co n ta in e d  in  th e  
p h o sp h o lip id s  o f  th e  37 p e r c e n t  i n f e c t io n  was abou t 2 to  3 tim es 
g r e a te r  th an  th e  r a d i o a c t i v i t y  found in  th e  plasm a p h o sp h o lip id s  o f
Table k.  In  v i t r o  in co rp o ra tio n  o f  N a-1- C -aceta te  in to  b lood l ip id s  o f  a splenectom ized c a l f
w ith  37$) in fe c t io n  o f  A. m arginale.
jo R a d io a c t iv i ty  a
In c u b a tio n  Time
5 h r . 20 h r .
L ip id  c la s s e s ______________________________ E ry th ro c y te s  Plasm a_____ E ry th ro c y te s_____ Plasm a
P h o sp h o lip id s 13-8 29-3 6 .2 1U.8
S te r o l s 6 0 .0 2 7 .0 6 7 .3 39-0
F ree  f a t t y  a c id s 9*6 3 6 .3 7 -7 3 8 .8
T r ig ly c e r id e  s 9 -7  - 5 .6 1 1 . k 3-3
S te r o l  e s t e r s 6 .9 1 .9 7-2 U.O
8l Percent r a d io a c t iv ity  o f  fr a c t io n s  c a lc u la te d  from cpm determined by l iq u id  s c in t i l l a t io n
cou n tin g .
Table 5* In  v itr o  in co rp o ra tio n  o f  N a-1- C -aceta te  in to  "blood l ip id s  o f  splenectom ized ca lv es  w ith
58% in fe c t io n  o f  A. m arginale .
jo R a d io a c tiv i ty 3, ^
In c u b a tio n  Time
5 h r . 20 h r .
L ip id  c la s s e s ______________________________ E ry th ro c y te s  Plasm a_____ E ry th ro c y te s_______ Plasm a
Pho s p h o lip id s 6 .3 13 .3 3 .9 7*3
S te r o l s 78 .3 V7.6 78 .1 6 5 .b
F ree  f a t t y  a c id s 3 .0 3 3 .^ 3 .8 22 . k
T r ig ly c e r id e s 6 .0 3 .2 7-8 2 .k
S te r o l  e s t e r s 6 .2 2 .6 6 .3 2 .6
SL P ercent r a d io a c t iv ity  o f  fr a c t io n s  c a lc u la te d  from cpm determined "by l iq u id  s c in t i l l a t io n
cou n tin g .
Average o f  data  from 2 c a lv e s .
Table 6 . In  v itr o  in co rp o ra tio n  o f  N a-1- C -aceta te  in to  blood l ip id s  o f  a splenectom ized c a l f  w ith
Bo% in fe c t io n  o f  A. m arginale.
\ _____________________
% R a d io a c tiv i ty 3,
In cu b a tio n  Time
5 h r . 20 h r .
L ip id  c la s s e s ______________________________ E ry th ro c y te s  Plasm a_____ E ry th ro c y te s_______ Plasma
Pho s p h o lip i  ds 2 7 .0 l b . 2 2 6 .0 1 0 .7
S te r o l s 6 3 .6 6 2 .2 65 .9 6 7 .7
F ree  f a t t y  a c id s 9 .b 1 2 .2 7 .5 20 .5
T r ig ly c e r id e s 0 .1 0 .9 0 .6 0 .8
S te r o l  e s te r s 0 .1 0 .1 0 .1 0 .3
Percent r a d io a c t iv ity  o f  fr a c t io n  c a lc u la te d  from cpm determined by l iq u id  s c in t i l l a t io n
cou n tin g .
Table 7 . In  v itr o  in co rp o ra tio n  o f  N a-1- C -aceta te  in to  blood l ip id s  o f  a splenectom ized c a l f  w ith
$9% in fe c t io n  o f  A. m arginale.
jo R a d io a c tiv ity 3,
In cu b a tio n  Time
5 h r . 20 h r .
L ip id  c la s se s_____________________________E ry th ro cy te s  Plasma______ E ry th ro cy tes_____ Plasma
P h o sp h o lip id s 1 0 .0 10 .8 1 1 .0 22 .8
S te r o ls 55 .0 ^3-3 59-7 58.3
F ree  f a t t y  a c id s 4 .0 h i . 3 h .8 15-3
T r ig ly c e r id e s 2 2 .1 1 .7 1 7 .8 0 .8
S te r o l  e s t e r s 8 .8 2 .9 6 .6 2 .7
a Percent r a d io a c t iv ity  o f  fr a c t io n  c a lc u la te d  from cpm determined by l iq u id  s c in t i l l a t io n
cou n tin g .
39
th e  o th e r  in f e c te d  c a lv e s . The a c t i v i t y  i n  plasm a p h o sp h o lip id s  in  
th e s e  rem ain ing  c a lv e s  was s im i la r .  S i m i l a r i t i e s  i n  th e  r a d i o a c t i v i t y  
i n  f r e e  f a t t y  a c id s  were a ls o  observed  i n  a l l  in f e c t io n s  ex cep t th e  
80 p e rc e n t in f e c t io n  which c o n ta in ed  ap p ro x im a te ly  3 tim es  l e s s  a c t i ­
v i t y  th a n  th e  o th e r  in f e c t io n s .  Plasma t r i g l y c e r i d e s  and s t e r o l  
e s t e r s  i n  a l l  in f e c t io n s  co n ta in ed  th e  lo w e s t amount o f  r a d i o a c t i v i t y .  
A f te r  20 h r  o f  in c u b a tio n  plasm a l i p i d s  e x h ib i te d  th e  same g e n e ra l  
p a t t e r n  o f  r a d io a c t iv i t y  a s  th e  sample in c u b a te d  fo r  5 h r .  Most 
r a d i o a c t i v i t y  was a g a in  found i n  th e  s t e r o l s  o f  a l l  i n f e c t io n s J  
how ever, th e r e  was an  in c r e a s e  i n  th e  a c t i v i t y  in  s t e r o l s  a f t e r  20 
h r  o f  in c u b a tio n  as compared to  th e  5 h r  sam ple. T here was a  c o r r e s ­
ponding d e c rea se  in  r a d i o a c t i v i t y  o f  th e  p h o sp h o lip id s  i n  a l l  i n f e c ­
t io n s  ex cep t th e  89 p e rc e n t  in f e c t io n  a f t e r  20 h r  o f  in c u b a t io n . The 
r a d i o a c t i v i t y  o f  t r i g ly c e r id e s  and s t e r o l  e s t e r s  w ere r e l a t i v e l y  
s im i l a r .
lh
D ata on th e  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  in to  b lood  l i p i d s  
a f t e r  th e  peak o f  in f e c t io n  a re  shown i n  T ab le  8 . These d a ta  d i f f e r  
from  b o th  norm al and in f e c te d  b lood  p re se n te d  p re v io u s ly .  Most o f  
th e  r a d i o a c t i v i t y  i n  e r y th ro c y t ic  l i p i d s  a f t e r  5 h r  o f  in c u b a tio n  
was found in  th e  t r i g l y c e r i d e s .  This c la s s  c o n ta in e d  3 tim es  more 
r a d i o a c t i v i t y  th a n  p h o s p h o lip id s , 6 tim es more th a n  s t e r o l s ,  abou t 
15 tim e s  more th a n  f r e e  f a t t y  a c id s ,  and ab o u t 20 tim es  more th a n  
s t e r o l  e s t e r s .
Most o f  th e  r a d io a c t iv i t y  o f  plasm a l i p i d s  was found in  th e  
f r e e  f a t t y  a c id s .  T h is c la s s  co n ta in ed  ab o u t 22 tim e s  more a c t i v i t y  
th a n  s t e r o l s  and t r i g l y c e r i d e s ,  and about UU tim es  more th a n  p h o s­
p h o l ip id s .  Very l i t t l e  r a d i o a c t i v i t y  was found i n  th e  s t e r o l  e s t e r s .
Table 8 . I n  v itr o  in co rp o ra tio n  o f  N a-1- C -a ceta te  in to  b lood  l ip id s  o f  a splenectom ized c a l f  a f te r
peak o f  in fe c t io n  w ith  27$ in fe c t io n  o f  A. m arginale.
L ip id  c la s s e s
$  R a d io a c t iv i ty  a
In c u b a tio n  Time (5 h r . )
E ry th ro c y te s Plasm a
P h o sp h o lip id s 2 0 .0 2 .3
S te r o l s 1 0 .6 ^ .5
F re e  f a t t y  a c id s b .5 8 8 .6
T r ig ly c e r id e s 62 .3 Ij-.l
S te r o l  e s t e r s 2 .6 0 .U
3* P e rc e n t r a d i o a c t i v i t y  o f  f r a c t i o n  c a lc u la te d  from  cpm d e te rm in ed  by  l i q u i d  s c i n t i l l a t i o n  
c o u n tin g .
There were a p p a re n t d if f e re n c e s  betw een th e  in c o r p o ra t io n  o f
l i i
N a-1- C -a c e ta te  in to  b lo o d  l i p i d s  a f t e r  peak i n f e c t io n  and  i n  th e  
o th e r  in f e c t io n s .  In  th e  3 7 'P e rc e n t ,  58 p e r c e n t ,  80 p e r c e n t ,  and 89 
p e rc e n t in f e c t io n s  th e r e  was much l e s s  r a d i o a c t i v i t y  i n  e r y th r o c y t ic  
t r i g l y c e r i d e s  and much more r a d io a c t iv i t y  i n  e r y th r o c y t ic  s t e r o l s  
th a n  a f t e r  peak  i n f e c t io n .  I n  plasm a, th e  c a l f  w ith  an  i n f e c t io n  
which had d e c re a se d  to  27 p e rc e n t e x h ib i te d  h ig h e r  r a d i o a c t i v i t y  i n  
f r e e  f a t t y  a c id s  th a n  i n  o th e r  in f e c t io n s .  However, th e  o th e r  i n ­
f e c te d  c a lv e s  showed more r a d io a c t iv i ty  i n  p lasm a p h o s p h o lip id s  and 
s t e r o l s  a t  t h i s  t im e .
Compared to  th e  amount o f  r a d io a c t iv i t y  o f  e r y th ro c y te s  from 
norm al b lo o d , th e r e  was ab o u t a  20- fo ld  in c r e a s e  i n  t r i g l y c e r i d e s ,  
a lm o st a  3 - fo ld  d e c re a se  i n  p h o sp h o lip id s , and a p p ro x im a te ly  a  
6 - f o ld  d e c re a se  i n  f r e e  f a t t y  a c id s .  L i t t l e  d i f f e r e n c e  was n o ted  
i n  th e  r a d i o a c t i v i t y  o f  s t e r o l  e s te r s  i n  a l l  i n f e c t io n s .  D i f f e r ­
ences i n  th e  p la sm a .l i p i d s  from normal b lood  and  b lo o d  from  c a lv e s  
a f t e r  peak o f  in f e c t io n  were n o t o b serv ed . P r a c t i c a l l y  a l l  th e  
r a d i o a c t i v i t y  was found i n  f re e  f a t t y  a c id s .  T here was a  d e c re a se  
in  r a d i o a c t i v i t y  i n  p lasm a p h o sp h o lip id s  when compared t o  t h a t  
found i n  norm al b lo o d . S ch rad er and D im opoullos (1963 ) i n v e s t ig a te d  
changes i n  th e  p h o sp h o lip id  c o n c e n tra tio n  o f  th e  e r y th r o c y t ic  mem­
b ran e  d u rin g  an ap la sm o sis . They found t h a t  a f t e r  peak i n f e c t io n  
th e  p h o sp h o lip id  c o n c e n tra t io n  o f  e ry th ro c y t ic  membranes d ec re a se d  
by  40 to  50 p e rc e n t  o f  norm al v a lu e s . I n  view  o f  th e s e  d a ta  i t  i s  
n o t s u rp r is in g  to  f in d  th e  d ec rease  in  r a d i o a c t i v i t y  o f  e r y th r o c y t ic  
p h o sp h o lip id s  from b lood  o f  ca lv es  a f t e r  peak in f e c t io n  compared to  
th e  same l i p i d  c la s s  o f  norm al e ry th ro c y te s .  S in ce  th e r e  i s  l e s s
r a d i o a c t i v i t y  i n  e r y th r o c y t ic  p h o sp h o lip id s  o f  c a lv e s  a f t e r  peak  in f e c  
t i o n s ,  th e r e  would be l e s s  r a d io a c t iv i t y  to  s e c re te  o r  exchange w ith  
plasm a p h o s p h o lip id s .  P erhaps t h i s  e x p la in s  th e  low er amount o f  r a d io  
a c t i v i t y  o f  p lasm a p h o sp h o lip id s  o f  c a lv e s  a f t e r  peak in f e c t io n s  com­
p a re d  to  t h a t  o f  plasm a from normal b lo o d .
lifWhen com parisons a re  made betw een th e  in c o rp o ra t io n  o f  N a-1 - C- 
a c e ta t e  b y  b lo o d  from c a lv e s  b e fo re  peak and a t  peak i n f e c t io n s ,  and 
norm al b lo o d ,d i f f e r e n c e s  a re  d is c e rn a b le .  D esp ite  th e  v a r ia t io n s  i n  
r a d i o a c t i v i t y  o f  l i p i d  c la s s e s  betw een v a r io u s  deg rees o f  in f e c t io n ,  
i t  i s  ob v io u s  t h a t  in f e c te d  e ry th ro c y te s  in c o rp o ra te d  much more 
r a d i o a c t i v i t y  in to  s t e r o l s  th a n  d id  norm al e ry th ro c y te s  and l e s s  
i n t o  p h o s p h o lip id s  and f r e e  f a t t y  a c id s .  In c u b a tio n  fo r  5 h r  and 
20 h r  d id  n o t  a l t e r  t h i s  p a t t e r n .  I t  i s  a ls o  ev id e n t t h a t  s t e r o l s  
and  p h o s p h o lip id s  from plasm a o f  in f e c te d  b lood  co n ta in ed  more 
r a d i o a c t i v i t y  th a n  t h a t  found i n  norm al b lo o d . T his was accom panied 
b y  a  d e c re a se  i n  th e  r a d io a c t iv i t y  o f  f r e e  f a t t y  a c id s  from  plasm a 
o f  in f e c te d  b lo o d  compared t o  plasm a o f  norm al b lo o d .
These d a ta  su g g est t h a t  i n f e c t io n  o f  bovine e ry th ro c y te s  by
lUA. m arg in a le  caused  a p p a re n t d i f f e r e n c e s  i n  th e  amount o f  N a-1- C- 
a c e ta t e  in c o rp o ra te d  in to  b lood  l i p i d  c la s s e s .  W illiam son and 
G inger (1965 ) exam ined s e v e ra l  b lo o d  p ro to zo a  fo r  l i p i d  c o n te n t and 
found a l l  t o  c o n ta in  c h o le s te r o l .  They su g g ested  t h a t  p erhaps 
s t e r o l  u p ta k e  from  th e  h o s t  i s  a  fu n c tio n  o f  most b lood  p a r a s i t e s .
I f  t h i s  i s  t r u e  th e n  perhaps A. m arg in a le  ta k e s  up s t e r o l s  from th e  
e r y th ro c y te s  and t h i s  i s  r e f l e c t e d  a s  an in c re a s e  i n  r a d i o a c t i v i t y  
o f  th e  s t e r o l  f r a c t i o n .  These s t e r o l s  from in fe c te d  e ry th ro c y te s  
may th e n  b e  s e c re te d  in to  th e  plasm a and r e s u l t  in  h ig h e r  r a d io -
a c t i v i t y  th a n  t h a t  found i n  norm al b lo o d . There was a  d e c re a se  i n  
r a d i o a c t i v i t y  o f  p h o sp h o lip id s  from in fe c te d  e ry th ro c y te s  compared 
to  e r y th r o c y t ic  p h o sp h o lip id s  from  norm al c a lv e s . From th e s e  d a ta  
i t  i s  d i f f i c u l t  to  d e te rm in e  w hether t h i s  was due to  a l t e r e d  p h o s­
p h o lip id  s y n th e s is  o r  l i p o l y t i c  enzymes from A. m arg in a le  d eg rad in g  
th e  p h o s p h o lip id s . There a r e  d i f f e r e n c e s  i n  r a d io a c t iv i t y  o f  plasm a 
l i p i d s  from  in f e c te d  b lo o d  and norm al b lo o d . S ince  i n f e c t io n  w ith  
A. m a rg in a le  changes th e  e r y th r o c y t ic  membrane (D im opoullos and 
B e d e ll ,  1962 ) i t  i s  p o s s ib le  t h a t  th e  normal exchange o f  l i p i d s  
betw een e ry th ro c y te s  and plasm a i s  a l t e r e d .
C. Blood from ch em ica lly -in d u c ed  anem ia
S in ce  A. m arg in a le  causes a  se v e re  anemia p erhaps d i f f e r e n c e s
i l l
i n  in c o r p o ra t io n  o f  N a-1- C -a c e ta te  in to  l i p i d s  o f  in f e c te d  b lo o d  
and norm al b lo o d  a re  due t o  th e  secondary  anemia r a th e r  th a n  to  th e  
i n f e c t i o n ' i t s e l f . T h e re fo re , an anem ia was produced by  i n j e c t i o n s  
o f  p h en y lh y d raz in e  HC1, and th e  r e s u l t s  o b ta in ed  w ith  th e  b lo o d  
were compared to  norm al and in f e c te d  b lo o d . These d a ta  a re  p r e ­
se n te d  i n  T ab le  9* Most r a d i o a c t i v i t y  o f  e ry th ro c y t ic  l i p i d s  was 
found i n  p h o sp h o lip id s  and t r i g ly c e r id e s  w ith  l e s s e r  am ounts i n  
s t e r o l s ,  f r e e  f a t t y  a c id s ,  and s t e r o l  e s t e r s .  The r a d i o a c t i v i t y  
o f  p lasm a l i p i d s  was found m o stly  i n  p h o sp h o lip id s , f r e e  f a t t y  
a c id s ,  and s t e r o l s  w ith  m inor amounts o f  r a d io a c t iv i t y  i n  t r i g l y ­
c e r id e s  and s t e r o l  e s t e r s .  D if fe re n c e s  a re  shown when com paring 
th e  in c o r p o ra t io n  o f  r a d io a c t iv e  a c e ta te  by norm al b lood  and b lo o d  
from  a  c a l f  w ith  ch em ic a lly -in d u c e d  anem ia. The amount o f  r a d io ­
a c t i v i t y  i n  p lasm a p h o sp h o lip id s  i n  t h i s  anemia was ap p ro x im a te ly  
1+ tim e s  more th a n  p lasm a p h o sp h o lip id s  o f  normal b lo o d . T h is
Table 9 . In  v itr o  in co rp o ra tio n  o f  N a-1- C -a ceta te  in to  b lood  l ip id s  o f  a splenectom ized c a l f  w ith
ch em ically-induced  anemia.
jo R a d io a c t iv i ty  a  ^
L ip id  c la s s e s
In c u b a tio n  Time (5  h r )
E ry th ro c y te s Plasma
P h o sp h o lip id s 5 ^ .3 3 2 .9
S te r o l s 6 .0 1 2 .7
F ree  f a t t y  a c id s b .6 1 5 .1
T r ig ly c e r id e s 1 7 .1 1 .0
S te r o l  e s t e r s 3-3 0 .2
P e rc e n t r a d i o a c t i v i t y  o f  f r a c t i o n  c a lc u la te d  from  cpm d e te rm in ed  b y  l i q u i d  s c i n t i l l a t i o n  
c o u n tin g .
13 A verage o f  d a ta  from  2 ex p e rim en ts . _____
, ill
su g g e s ts  a  s t im u la t io n  o f  u p ta k e  o f  N a-1- C -a c e ta te  by  e r y th ro c y t ic
p h o sp h o lip id s  s in c e  e ry th ro c y te s  a re  s e c r e t in g  more p h o sp h o lip id s  to
th e  plasm a as  shown by  th e  in c r e a s e  i n  r a d i o a c t i v i t y .  An approxim ate
6 - fo ld  d ec rease  i n  r a d i o a c t i v i t y  o f  e r y th ro c y t ic  f r e e  f a t t y  a c id s  in
th e  anemia was o b serv ed  when th e  same c la s s  was compared t o  normal
e ry th ro c y t ic  f r e e  f a t t y  a c id s .  A s im i la r  d e c re a se  occured  i n  th e
a c t i v i t y  o f  p lasm a f r e e  f a t t y  a c id s  a s  compared to  norm al p lasm a.
14Thus, i t  seems t h a t  an  i n h i b i t i o n  i n  th e  in c o rp o ra t io n  o f  N a-1- C- 
a c e ta te  in to  b o th  e r y th r o c y t ic  and plasm a f r e e  f a t t y  a c id s  occured  
i n  p h en y lh y d raz in e  anem ia. Comparison o f  th e  r a d i o a c t i v i t y  o f  
e r y th ro c y t ic  t r i g l y c e r i d e s  o f  norm al and anem ic b lood  showed th a t  
th e r e  was 6 t im e s  more a c t i v i t y  i n  th e  t r i g l y c e r i d e s  from anemic 
b lo o d . I f  th e  e ry th ro c y te s  w ere s e c r e t in g  r a d io a c t iv e  t r i g ly c e r id e s  
in to  plasm a th e r e  shou ld  be an  accompanying in c re a s e  i n  th e  r a d io ­
a c t i v i t y  found i n  p lasm a t r i g l y c e r i d e s .  S in ce  a n  in c r e a s e  i n  plasm a 
t r i g ly c e r id e  d id  n o t o c c u r , i t  i s  su g g ested  t h a t  e ry th ro c y te s  from 
anemic blood w ere accu m u la tin g  r a d io a c t iv e  a c e ta t e  i n  t r i g l y c e r i d e s .
ill
D if fe re n c e s  i n  in c o r p o ra t io n  o f  N a-1- C -a c e ta te  in to  l i p i d s  
o f  in fe c te d  b lo o d  and b lo o d  i n  p h en y lh y d raz in e  anem ia were a ls o  
n o te d . E ry th ro c y t ic  p h o sp h o lip id s  from  anem ic b lo o d  co n ta in ed  2 to  
9 tim es more r a d i o a c t i v i t y  th a n  p h o sp h o lip id s  o f  in fe c te d  b lo o d . On 
th e  o th e r  hand , e r y th r o c y t ic  s t e r o l s  from in f e c te d  b lood  co n ta in ed  
ab o u t 10 tim es  more r a d i o a c t i v i t y  th a n  e r y th r o c y t ic  s t e r o l s  from 
anemic b lo o d . R a d io a c t iv i ty  o f  e r y th ro c y t ic  t r i g l y c e r i d e s  i n  th e  
ch em ica lly -in d u ced  anem ia i s  h ig h e r  th a n  e r y th r o c y t ic  t r ig ly c e r id e s  
i n  a l l  i n f e c t io n s .  Plasm a s t e r o l s  from in f e c te d  b lo o d  co n ta in ed  2 
to  5 tim es more r a d i o a c t i v i t y  th a n  .plasma s t e r o l s  from  anemic b lo o d .
Plasm a p h o sp h o lip id s  i n  p h en y lh y d raz in e  anem ia co n ta in ed  abou t th e  
same amount o f  r a d i o a c t i v i t y  a s  th e  37 p e rc e n t  in f e c te d  b lood  and 
2 to  3 tim es  more r a d i o a c t i v i t y  th a n  th e  58 p e r c e n t ,  80 p e rc e n t ,  
and 89 p e rc e n t in f e c t io n s .  Plasm a t r i g l y c e r i d e s  and s t e r o l  e s te r s  
from in f e c te d  b lood  and anem ic b lood  co n ta in ed  low le v e l s  o f  r a d io ­
a c t i v i t y .
I n  in f e c te d  e r y th ro c y te s ,  b e fo re  peak and a t  peak i n f e c t io n ,  
th e  s t e r o l s  c o n ta in ed  8 t o  11 tim e s  more r a d i o a c t i v i t y  th a n  d id  
s t e r o l s  o f  norm al b lo o d . E r y th r o c y t ic  r a d i o a c t i v i t y  from anemic 
b lood  was s im i la r  to  t h a t  o f  norm al e r y th ro c y te s .  E ry th ro c y te s  
from anemic and norm al b lo o d  co n ta in e d  m ost o f  th e  a c t i v i t y  in  
p h o sp h o lip id s  w h ile  th e  same c la s s  from in f e c te d  b lood  co n ta in ed  
l e s s  a c t i v i t y .  Plasm a s t e r o l s  from  norm al and anemic b lo o d  con­
ta in e d  s im i la r  p e rc e n ta g e s  o f  r a d i o a c t i v i t y  which was low er th an
s te r o l s  o f  in f e c te d  b lo o d . From th e s e  d a ta ,  i t  ap p ears  t h a t  d i f -
lhfe re n c e s  i n  u p tak e  o f  N a-1 - C -a c e ta te  betw een norm al and in f e c te d  
b lo o d  i s  n o t due to  th e  seco n d ary  anemic e f f e c t  caused by  A. m a rg in a le , 
b u t more p ro b a b ly  i s  due t o  th e  p re se n c e  o f  th e  p a r a s i t e .
1I4.
D. In fe c te d  b lo o d  in c u b a te d  w ith  1 -  C - la u ra te
I t  i s  known t h a t  th e  c h o le s te r o l  m olecu le  i s  s y n th e s iz e d  
e n t i r e l y  from a c e ta te  (M asoro, 1968 ) .  Most r a d i o a c t i v i t y  o f  i n -
lli
f e c te d  b lood  l i p i d s  in c u b a te d  w ith  N a-1- C -a c e ta te  was found i n
14s t e r o l s .  T h e re fo re , i t  was d ec id ed  to  in c u b a te  N a-1- C - la u ra te  w ith  
in f e c te d  b lood  to  see  w hether r a d i o a c t i v i t y  cou ld  be d e te c te d  i n  
s t e r o l s .  S ig n i f i c a n t  r a d i o a c t i v i t y  would in d ic a te  t h a t  in f e c te d  
e ry th ro c y te s  cou ld  c le a v e  o f f  carbon  numbers 1 and 2 from  th e  f a t t y  
a c id  (p ro b a b ly  by  b e ta - o x id a t io n ) . T h is  would r e s u l t  i n  th e  p re se n c e
o f  R a d io a c tiv e  a c e ta t e  b e in g  p r e s e n t  which p o s s ib ly  could  be in c o r ­
p o ra te d  in to  th e  s t e r o l s .  D ata from  t h i s  experim en t a re  shown in  
T ab le  10 . Very l i t t l e  r a d i o a c t i v i t y  was found in  th e  s te r o l s  o f  
e ry th ro c y te s  and p lasm a. Most a c t i v i t y  o f  e r y th ro c y t ic  l i p i d s  was 
found i n  t r i g l y c e r i d e s  and f r e e  f a t t y  a c id s  w ith  t r ig ly c e r id e s  hav ing  
a lm o st 3 tim es  more r a d i o a c t i v i t y  th a n  f r e e  f a t t y  a c id s .  In  plasm a 
th e  f r e e  f a t t y  a c id s  c o n ta in ed  p r a c t i c a l l y  a l l  o f  th e  r a d io a c t iv i t y .  
T h is  was n o t s u r p r i s in g  s in c e  r a d io a c t iv e  f r e e  f a t t y  a c id  was th e  
is o to p e  added to  th e  in c u b a tio n  system  w hich u t i l i z e d  plasm a a s  th e  
suspending  medium. When plasm a i s  u sed  fo r  such a  p u rp o se , a  low er 
in c o rp o ra t io n  o f  f a t t y  a c id s  in to  e ry th ro c y te s  o ccu rs  th a n  when K reb s- 
R in g e r-p h o sp h a te  b u f fe r -3 $  album in  i s  employed (Payne and M aste rs , 
1969) .  T hus, th e  r a d io a c t iv e  l a u r a t e  p ro b a b ly  became bound to  th e  
plasm a a lb u m in . S in ce  l i t t l e  r a d i o a c t i v i t y  was found i n  e r y th ro c y t ic  
s t e r o l s  one can s p e c u la te  t h a t  th e r e  was p r a c t i c a l l y  no c leav ag e  o f  
th e  f a t t y  a c id .  I f  th e r e  was c leav ag e  th e  in f e c te d  e ry th ro c y te s  cou ld  
n o t u t i l i z e  th e  r e s u l t i n g  2 carbon  u n i t s  to  s y n th e s iz e  s t e r o l s .  The 
sm all amount o f  r a d i o a c t i v i t y  in  p h o sp h o lip id s  o f  in f e c te d  e ry th ro c y te s  
in d ic a te d  t h a t  n o t much o f  th e  f a t t y  a c id  was in c o rp o ra te d  in to  p h o s­
p h o l ip id s .  The la c k  o f  a c t i v i t y  i n  plasm a p h o sp h o lip id s  f u r th e r  
su p p o rts  t h i s  s in c e  th e s e  compounds would have been s e c re te d  from 
e r y th ro c y te s .  The h ig h  l e v e l  o f  r a d i o a c t i v i t y  in  e r y th ro c y t ic  t r i ­
g ly c e r id e s  and th e  low  l e v e l  i n  p lasm a t r i g l y c e r i d e s  in d ic a te d  an
1J4.
accu m u la tio n  o f  N a-1 - C - la u ra te  i n  t h i s  f r a c t io n  o f  th e  e ry th ro c y te s .  
W in terbourn  and B a t t  ( 1968) in c u b a te d  bo v in e  leu k o c y te s  w ith  l - ^ C -  
p a lm ita te  and found a  h ig h  l e v e l  o f  in c o rp o ra t io n  in to  t r i g l y c e r i d e s .  
P erhaps t h i s  in f e c te d  sample c o n ta in e d  enough le u k o c y te s  to  g iv e  th e
Table 10 . In  v i t r o  in co rp o ra tio n  o f  N a-1- C -lau rate  in to  b lood  l ip id s  o f  a splenectom ized c a l f  w ith
3̂% in fe c t io n  o f  A. m arginale.
L ip id  c la s s e s
°lo R a d io a c t iv i ty  a
In c u b a tio n  Time (5 h r )
E ry th ro c y te s Plasma
P h o sp h o lip id s 2 . 1* 0 .5
S te r o l s 1 .2 0 .1*
F re e  f a t t y  a c id s 2 5 .2 9 8 .8
T r ig ly c e r id e s 7 0 .8 0 .1
S te r o l  e s t e r s 0 . 1* 0 .2
& P e rc e n t r a d i o a c t i v i t y  o f  f r a c t i o n  c a lc u la te d  from  cpm d e te rm in ed  by  l i q u i d  s c i n t i l l a t i o n  
c o u n tin g .
same r e s u l t s  w ith  1 - ^ C - l a u r a t e .  P ay n e 'an d  M aste rs  (19&9) s tu d ie d
l k
th e  u p tak e  o f  s e v e ra l  C - la b e le d  f a t t y  a c id s  by  rum inan t b lood  and
concluded th a t  in c o rp o ra t io n  o f  f a t t y  a c id s  in to  rum inant e r y th ro ­
cy te s  i n  v i t r o  i s  due p r im a r i ly  t o  a b s o rp tio n  w ith  m inor in c o rp o ra t io n
in to  e s t e r i f l e d  l i p i d s .  S in c e  m ost r a d i o a c t i v i t y  i n  t h i s  experim ent
lbwas found i n  t r i g l y c e r i d e s ,  i t  i s  assumed t h a t  th e  C - la u ra te  was 
e s t e r i f i e d .  P erhaps i n f e c t io n  b y  A. m a rg in a le  cou ld  b e  r e s p o n s ib le  
fo r  th iis  e s t e r i f i c a t i o n  o f  la u ra te " . Payne and M asters (1969) a ls o  
found v e ry  l i t t l e  in c o r p o ra t io n  o f  r a d io a c t iv e  f a t t y  a c id s  in to  
e r y th ro c y t ic  p h o sp h o lip id s  o f  norm al b lo o d . D ata from t h i s  p r e s e n t
l l i
s tu d y  showed t h a t  l i t t l e  1 -  C - la u ra te  was in c o rp o ra te d  in to  phospho­
l i p i d s  o f  in f e c te d  e r y th ro c y te s .  T h e re fo re , th e  p re sen ce  o f.A . 
m arg in a le  does n o t seem to  a l t e r  th e  in c o r p o ra t io n  o f  f a t t y  a c id s  in to  
p h o sp h o lip id s  by b o v in e  e r y th ro c y te s .
E . P a r t i a l l y - p u r i f i e d  Anaplasm a b o d ie s
lbE xperim ents concerned  w ith  th e  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  
in to  l i p i d s  by  norm al and  i n f e c t e d  b lood  showed d i f f e r e n c e s  which have 
been d isc u s s e d . The same r e s u l t s ,  how ever, d id  n o t p ro v id e  s u f f i c i e n t  
in fo rm a tio n  to  know i f  th e s e  d i f f e r e n c e s  were due to  a l t e r e d  e r y th ro ­
c y t ic  m etabolism  b y  in f e c te d  e ry th ro c y te s  o r  to  A. m a rg in a le . One
cho ice  o f  e x p e rim en ta l p ro c ed u re  was to  p u r i f y  th e  p a r a s i t e  and
lk
observe in c o rp o ra t io n  o f  N a-1 - C -a c e ta te  in to  l i p i d s .  The method
shown in  F ig u re  1 was u sed  t o  p a r t i a l l y  p u r i f y  th e  Anaplasma b o d ie s
and th e  r e s u l t s  a f t e r  in c u b a tin g  th e s e  p r e p a ra t io n s  a re  shown i n  T able
11. Normal b lo o d  was t r e a t e d  s im i l a r ly  and in c u b a ted  under i d e n t i c a l
lb-c o n d itio n s  a s  a  c o n t r o l .  R e s u l ts  on th e  in c o rp o ra t io n  o f  N a-1- C- 
a c e ta te  a re  p re se n te d  i n  T ab le  1 2 .
Table 11 . In  vi-tro in co rp o ra tio n  o f  N a-1- C -aceta te  in to  l ip id s  o f  Anaplasma b od ies p a r t ia l ly -
p u r if ie d  by d i f f e r e n t ia l  c e n tr ifu g a tio n .
jo R a d io a c t iv i ty  a  10 
In c u b a tio n  Time (3 h r )
L ip id  c la s s e s _____________________________________________A nanla^m̂ . b o d ie s____________ Plasma
P h o sp h o lip id s 8 5 .^ 53-0
S te r o l s 2 .2 3^-2
F re e  f a t t y  a c id s N .S .C 9-3
T r ig ly c e r id e  s 1 1 .^ N .S .
S te r o l  e s t e r s N .S . N .S .
£L P e rc e n t r a d i o a c t i v i t y  o f  f r a c t i o n  c a lc u la te d  from  cpm d e te rm in ed  by  l i q u i d  s c i n t i l l a t i o n  
c o u n tin g .
I d A verage o f  d a ta  from  2 e x p e rim en ts .
0
I n d ic a te s  t h a t  cpm w ere n o t h ig h  enough t o  be  s i g n i f i c a n t ,  t h e r e f o r e ,  no p e rc e n ta g e s  were 
c a lc u la te d .
T able 12 . I n  -v itro  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  in to  l i p i d s  o f  norm al b lood  t r e a te d  i n  th e  same 
manner a s  t h a t  u sed  t o  p re p a re  p a r t i a l l y - p u r i f i e d  Anaplasma b o d ie s  by  d i f f e r e n t i a l  
c e n t r i f u g a t io n .
L ip id  c la s s e s
°lo R a d io a c t iv i ty  a
In c u b a tio n  Time (3 h r )
E ry th ro c y te s Plasm a
Fho s p h o lip i  ds 98 .3 4 3 .7
S te r o l s N.S ."k 31-7
F ree  f a t t y  a c id s N .S. 17 .3
T r ig ly c e r id e s N .S. M
S te r o l  e s t e r s N .S. 2 .3
£L P e rc e n t r a d i o a c t i v i t y  o f  f r a c t i o n  c a lc u la te d  from  cpm determ in ed  by  l i q u i d  s c i n t i l l a t i o n  
c o u n tin g .
"k I n d ic a te s  t h a t  cpm w ere n o t h ig h  enough t o  b e  s i g n i f i c a n t ,  t h e r e f o r e ,  no p e rc e n ta g e s  were 
c a lc u la te d .
Anaplasma b o d ies  were p rep a red  by s o n ic a t io n  o f  in f e c te d  e r y th ro ­
c y te s ,  p a r t i a l l y - p u r i f i e d  by d i f f e r e n t i a l  c e n t r i f u g a t io n ,  and in c u b a te d  
i n  p lasm a. Most o f  th e  r a d i o a c t i v i t y  was found to  be  in c o rp o ra te d  in to  
th e  p h o sp h o lip id s . T h is  c la s s  co n ta in ed  ab o u t 8 tim es  more r a d io ­
a c t i v i t y  th a n  t r i g l y c e r i d e s .  S ig n i f ic a n t  r a d i o a c t i v i t y  was n o t found 
i n  f r e e  f a t t y  a c id s  and s t e r o l  e s t e r s . Comparison o f  in c o rp o ra t io n  o f  
r a d io a c t iv e  a c e ta te  by  p a r t i a l l y - p u r i f i e d  Anaplasma b o d ie s  and c o n tro l  
e r y th r o c y t ic  p re p a ra t io n s  showed v e ry  l i t t l e  d i f f e r e n c e s .
Most o f  th e  r a d i o a c t i v i t y  o f  plasm a l i p i d  c la s s e s  was a ls o  
found i n  p h o sp h o lip id s  in d ic a t in g  th a t  exchange o ccu red  betw een 
Anaplasma b o d ie s  and p lasm a.
These d a ta  in d ic a te d  t h a t  normal e r y th r o c y t ic  membrane fragm ents 
a re  cap ab le  o f  in c o rp o ra t in g  r a d io a c t iv e  a c e ta t e  in to  l i p i d s .  S im i la r ­
i t i e s  i n  a c t i v i t y  o f  l i p i d s  from p a r t i a l l y - p u r i f i e d  Anaplasma b o d ies  
and norm al e r y th ro c y t ic  membrane fragm ents su g g e s t t h a t  any  in c o rp o ra ­
t i o n  by  th e  sm all amount o f  Anaplasma b o d ie s  p r e s e n t  i s  overshadowed 
b y  th e s e  membrane frag m en ts .
On th e  b a s is  o f  th e s e  d a ta  a tte m p ts  were made to  f u r th e r  p u r i f y
Anaplasma b o d ie s  by u t i l i z i n g  s o n ic a tio n ,  d i f f e r e n t i a l  c e n t r i f u g a t io n ,
su c ro se  d e n s i ty  g r a d ie n ts ,  and u l t r a c e n t r i f u g a t io n  a s  shown i n  F ig u re  2 .
Normal b lo o d  was t r e a t e d  i n  th e  same manner and b o th  Anaplasma b o d ies
1^and norm al b lood  p re p a ra t io n s  were in c u b a te d  w ith  N a-1- C -a c e ta te .  
R e s u lts  from th e s e  experim en ts  a re  p re se n te d  i n  T ab le s  13 and 1^-. The 
p h o sp h o lip id s  o f  Anaplasma b o d ies  and th e  e r y th r o c y t ic  p re p a ra t io n  
c o n ta in e d  a l l  th e  r a d io a c t i v i t y .  No e x p la n a tio n  i s  a p p a re n t f o r  th e  
in c o rp o ra t io n  o f  a l l  th e  r a d io a c t iv i t y  i n to  p h o sp h o lip id s  o f  b o th  
Anaplasma b o d ie s  and e r y th ro c y t ic  p r e p a ra t io n s .  I t  i s  i n t e r e s t i n g  to
Table 1 3 . In  v itr o  in co rp o ra tio n  o f  N a-1- C -aceta te  in to  l ip id s  o f  Anaplasma to d ie s  p a r t ia l ly -
p u r if ie d  by d i f f e r e n t ia l  c e n tr ifu g a t io n , sucrose d e n s ity  g ra d ien ts , and u ltr a c e n tr ifu g a tio n .
L ip id  c la s s e s
id R a d io a c t iv i ty  a
In c u b a tio n  Time (3 h r )
Anaplasma b o d ie s Plasma
Fho s p h o lip id s 99*8 32 .3
S te r o l s 0 U8 .8
F re e  f a t t y  a c id s 0 12 .3
T r ig ly c e r id e s 0 3 A
S te r o l  e s t e r s 0 N.S .k
s» P e rc e n t r a d i o a c t i v i t y  o f  f r a c t i o n  c a lc u la te d  from  cpm d e te rm in ed  b y  l i q u i d  s c i n t i l l a t i o n  
c o u n tin g .
I n d ic a te s  cpm n o t  h ig h  enough t o  be s i g n i f i c a n t ;  th e r e f o r e ,  no p e rc e n ta g e s  w ere c a lc u la te d .
T ab le  14 . I n  v i t r o  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  i n t o  l i p i d s  o f  norm al b lood  t r e a t e d  i n  th e  same 
manner a s  t h a t  u sed  to  p re p a re  p a r t i a l l y - p u r i f i e d  Anaplasma b o d ie s  by  d i f f e r e n t i a l  c e n t r i ­
f u g a t io n ,  su c ro se  d e n s i ty  g r a d ie n ts ,  and u l t r a c e n t r i f u g a t i o n .
jo R a d io a c tiv i ty  a_____
In c u b a tio n  Time (3 h r )
L ip id  c la s s e s _______________________________________________ E ry th ro c y te s ______________ Plasm a
P h o sp h o lip id s 100 .0 U6 .2
S te r o l s 0 29-3
F ree  f a t t y  a c id s 0 1 2 .7
T r ig ly c e r id e  s 0 6 .0
S te r o l  e s t e r s 0 5 .8
£t Percent r a d io a c t iv ity  o f  fr a c t io n  c a lc u la te d  from cpm determ ined by l iq u id  s c in t i l l a t io n
cou n tin g .
n o te  t h a t  W allace e t  a l .  (1967) found a  l a r g e  amount o f  p h o sp h o lip id s
p re s e n t  i n  p a r t i a l l y - p u r i f i e d  A. m a rg in a le  p r e p a r a t io n s .  However, some
lkd if f e r e n c e s  i n  in c o rp o ra t io n  o f  N a-1 - C -a c e ta te  i n to  l i p i d s  o f  plasm a 
in  w hich Anaplasma b o d ie s  and e r y th ro c y t ic  p r e p a ra t io n s  w ere in c u b a ted  
a re  found. L ip id s  from plasm a i n  which A naplasm a b o d ie s  were in c u b a te d  
co n ta in ed  50 p e rc e n t  r a d io a c t iv i t y  i n  s t e r o l s ,  ab o u t 32 p e rc e n t  i n  
p h o sp h o lip id s , and l e s s e r  amounts i n  th e  f r e e  f a t t y  a c id s  and t r i g l y ­
c e r id e s .  The f in d in g  o f  th e  m a jo r i ty  o f  th e  r a d i o a c t i v i t y  i n  plasm a 
s t e r o l s  a g re e s  w ith  e a r l i e r  r e s u l t s  from ex p e rim en ts  u t i l i z i n g  i n t a c t  
in f e c te d  e r y th ro c y te s .  On th e  o th e r  h an d , p lasm a l i p i d s  from  e r y th ro ­
c y t ic  p r e p a ra t io n s  c o n ta in ed  alm ost 50 p e r c e n t  o f  th e  r a d i o a c t i v i t y  in  
p h o s p h o lip id s , a lm o st 30 p e rc e n t i n  s t e r o l s ,  and l e s s e r  amounts i n  th e  
rem ain ing  c la s s e s .  These d if f e r e n c e s  a r e  p ro b a b ly  due to  th e  p re sen ce  
o f  Anaplasma b o d ie s .
1
Anaplasma b o d ie s , p a r t i a l l y - p u r i f i e d  b y  b o th  p ro c e d u re s , were 
i n j e c te d  in to  s u s c e p t ib le  ca lv es  and p roduced  c l i n i c a l  an ap lasm o sis  
a f t e r  p ro lo n g ed  in c u b a tio n  p e r io d s  (3O-U0 d a y s ) .  Thus, th e  p u r i f i c a ­
t i o n  p ro ced u res  d id  n o t a l t e r  th e  p a r a s i t e  to  such an  e x te n t  t h a t  i t  
became p o n - in f e c t io u s .  The p ro longed  in c u b a t io n  p e r io d s  were p o s s ib ly  
due to  th e  sm all number o f  Anaplasma b o d ie s  p r e s e n t  i n  th e  in je c te d  
p r e p a ra t io n s .  T h is  number o f  Anaplasma b o d ie s  co u ld  a l s o  be  an answ er
to  th e  s i m i l a r i t y  o f  d a ta  between e r y th r o c y t ic  p r e p a ra t io n s  and
lk
Anaplasma b o d ie s  s in c e  any u p take  o f  N a-1 - C -a c e ta te  b y  th e  Anaplasma 
b o d ie s  cou ld  have been over-shadow ed by  th e  e r y th r o c y t ic  membrane 
fragm en ts  i n  th e  p r e p a ra t io n s .
I t  i s  a p p a re n t t h a t  th e s e  p ro c e d u re s  do n o t p e rm it adeq u a te  
p u r i f i c a t i o n  o f  th e  Anaplasma b o d ie s  to  such  a  d eg ree  a s  t o  a llo w
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m etab o lic  s tu d ie s  to  be conducted .
F . R adiochem ical gas l i q u id  chrom atography
A ce ty l CoA i s  th e  m ajor p re c u rs o r  f o r  s y n th e s is  o f  f a t t y  a c id s  
(M asoro, 1968 ) .  Dommert (1966 ) found d i f f e r e n c e s  i n  f a t t y  a c id  com­
p o s i t io n  o f  l i p i d s  from norm al and in f e c te d  bo v in e  e r y th ro c y te s .
T h e re fo re , i t  was dec ided  to  d e te rm in e  th e  r a d i o a c t i v i t y  in c o rp o ra te d
1^in to  th e  f a t t y  a c id s  o f  l i p i d  c la s s e s  a f t e r  in c u b a tio n  w ith  N a-1- C-
a c e ta t e .  E a r l i e r  r e s u l t s  i n  t h i s  p r o je c t  showed t h a t  p lasm a f re e
f a t t y  a c id s  from norm al b lood  c o n ta in ed  m ost o f  th e  r a d io a c t iv i t y ;
th e r e f o r e ,  o n ly  t h i s  c la s s  o f  norm al p lasm a l i p i d s  was an a ly zed  by
ra d io c h e m ic a l GLC. The i n i t i a l  d a ta  a ls o  in d ic a te d  t h a t  m ajor d i f -
II4.
fe re n c e s  in  in c o rp o ra t io n  o f  N a-1 - C -a c e ta te  by  norm al and in fe c te d  
e ry th ro c y te s  were i n  p h o s p h o lip id s , s t e r o l s ,  and f r e e  f a t t y  a c id s .  
T h e re fo re , f a t t y  a c id s  o f  p h o sp h o lip id s  and f r e e  f a t t y  a c id s  from 
norm al and in f e c te d  e ry th ro c y te s  were a n a ly z e d .
R e s u lts  on th e  in c o r p o ra t io n  o f  r a d io a c t iv e  a c e ta te  in to  plasm a 
f r e e  f a t t y  a c id s  a r e  p re se n te d  i n  T ab les 15 and 16. Plasm a f r e e  f a t t y  
a c id s  from  norm al b lood  co n ta in ed  m o stly  C l6 :0 , C l8 :0 , C l8 : l ,  and 
C22:0. The C l6 :0  co n ta in ed  th e  h ig h e s t  r e l a t i v e  r a d i o a c t i v i t y  fo llow ed  
by Cl6 : l .  About eq u a l r e l a t i v e  r a d i o a c t i v i t i e s  were found i n  th e  
C17:0 and C l8 :0 . No a c t i v i t y  was found i n  th e  C22:0. Plasm a f re e  
f a t t y  a c id s  from in fe c te d  b lo o d  co n ta in e d  m o s tly  C l6 :0 , C l8 :0 , and 
C l8 : l .  Compared to  plasm a f r e e  f a t t y  a c id s  from  norm al b lo o d , th e re  
was ab o u t th e  same c o n c e n tra tio n  o f  C l6 :0 , a  d ec re a se  i n  C l8 :0 , an 
in c r e a s e  in  C l8 : l ,  and an in c r e a s e  i n  C 20:0. A d e c re a se  i n  r a d io ­
a c t i v i t y  o f  plasm a f re e  f a t t y  a c id s  from in f e c te d  b lo o d  i s  obvious 
s in c e  th e r e  i s  v e ry  l i t t l e  o r  no r a d i o a c t i v i t y  p r e s e n t .  T h is  i s
1UTable 15* In  v itr o  in corp oration  o f  N a-1- C -a ceta te  in to  plasma
fr e e  fa t t y  a c id s  from normal b lood .
F a t ty A % T o ta l f % Mass R e la t iv e  ^
a c id s CEM R a d io a c tiv i ty A rea r a d i o a c t i v i t y
< C l6 :0 1*96 22.3 0 0
C l6 :0 1261 56 .6 2 1 .9 258 . k
C l6 : l kS 2 .1 2 .3 91.3
C17:0 30 1 .3 k .2 31 .0
C17:Ue 2^ 1 .1 T r c
C18:0 203 9 .1 3 2 .1 28.3
C l8 : l k2 1 .9 20 .1 9 .U
C20:0 65 2 .9 Tr
c
C20:U 60 2 .7 Tr ___c
C22:0 0 0 1 3 .8 0
C22:U 0 0 3 .5 0
C2b:0 0 0 Tr 0
C2b:l 0 0 1 .9 0
aP e rc e n t e r r o r  from 2 to  7 p e r c e n t .
b„ ^ ^ n . io T o ta l r a d io a c t iv i ty  __C a lc u la te d  from  form ula: Mrbb> ^ --------------- *• x  100
R e l a t i v e  r a d i o a c t i v i t y  cannot be c a lc u la te d  from  t r a c e  amounts o f  
f a t t y  a c id s .
^Trace amounts.
^  in d ic a te s  u n id e n t i f ie d  f a t t y  a c id .
*I^C02 trapped in  phenethylamine and corrected  fo r  e f f ic ie n c y .
Table 16. I n  v i t r o  in c o rp o ra tio n  o f  Na-1- C -a c e ta te  in to  plasma
fre e  f a t t y  ac id s  from c a l f  w ith  64$ in f e c t io n  o f  A.
m arg in a le .
F a t ty
CPMa
% T o ta l % Mass R e la t iv e  ^
a c id s r a d io a c t iv i t y a re a r a d i o a c t i v i t y
< C l4 :0 68 73-9 0 0
C l4 :0 0 0 0 .8 0
C15:0 Q 0 0 .5 0
C l6 :0 24 26 .1 2 2 .6 115-5
Cl6 : l 0 0 3-3 0
C17:0 0 0 1 .1 0
C17:U 0 0 0 .4 0
Cl8 : 0 0 0 2 6 .7 0
C l8 : l 0 0 32 .3 0
Cl8 : 2 0 0 3 .4 0
C20:0 0 0 5 .7 0
C20:U 0 0 3 '1 0C22:0 0 0 Tr 0
C24:0 0 0 Tr 0
C 24:l 0 0 Tr 0
a P e rc e n t e r r o r  7 p e rc e n t .
Id U in d ic a te s  u n id e n t i f i e d  f a t t y  a c id .
c T race am ounts.
^ C a lc u la te d  from  form ula: $  ra(^-oa,c:^ -̂v^4y  x  ]_qo
: % Mass a re a
s lMCOg trapped in  phenethylamine and corrected  fo r  e f f ic ie n c y .
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c o n s is te n t  w ith  p re v io u s  r e s u l t s  t h a t  th e r e  i s  a  d e c re a se  i n  r a d io ­
a c t i v i t y  o f  plasm a f r e e  f a t t y  a c id s  from  in f e c te d  b lo o d  a s  compared 
to  norm al b lo o d .
The r e s u l t s  on in c o rp o ra t io n  o f  r a d io a c t iv e  a c e t a t e  in to  e r y th r o ­
c y t ic  f a t t y  a c id s  from  norm al and in f e c te d  b lo o d  a r e  p re se n te d  i n  T ab le s  
17 and 18 . E ry th ro c y t ic  f r e e  f a t t y  a c id s  from  norm al b lo o d  a re  composed 
a lm o st e n t i r e l y  o f  C1^:0 and C20:0. S ig n i f i c a n t  r a d i o a c t i v i t y  was n o t 
d e te c te d  i n  th e s e  f a t t y  a c id s .  F ree  f a t t y  a c id s  from  in f e c te d  e r y th r o ­
c y te s  a r e  p r im a r i ly  C l6 :0 , and C l8 :0  w ith  a  l e s s e r  amount o f  0 1 ^ :0 .
I n f e c t io n  appeared  to  produce a  d e c re a se  i n  th e  amount o f  C l4 :0  and 
C20:0 w ith  in c re a s e s  i n  C l6 :0  and C l8 :0 . There was a l s o  an  in c re a s e  
i n  th e  r e l a t i v e  a c t i v i t y  o f  a lm o st a l l  th e  f a t t y  a c id s  from  in f e c te d  
e ry th ro c y te s  even though th e y  were p re s e n t  i n  t r a c e  am ounts.
R e s u lts  on in c o rp o ra t io n  o f  N a - 1 -^ C -a c e ta te  i n t o  th e  f a t t y  
a c id s  o f  e r y th ro c y t ic  p h o sp h o lip id s  from  norm al and in f e c te d  e r y th r o ­
c y te s  a re  p re se n te d  i n  T ab les  19 and 20 . The f a t t y  a c id s  from  norm al 
e ry th ro c y te s  c o n ta in e d  low c o n c e n tra tio n s  o f  a l l  f a t t y  a c id s  p r e s e n t ,  
how ever, C l6 :0 , C l8 :0 , Cl8 : l ,  C l8 :2 , C 22:0, and C2^:0 a r e  p r e s e n t  i n  
l a r g e r  am ounts. Of th e s e  f a t t y  a c id s ,  C l8 : l ,  C l8 :2  a n d .p i8 :0  were 
p re s e n t  i n  g r e a t e s t  c o n c e n tra t io n s .  The C13sO and C20:U co n ta in e d  by 
f a r  th e  l a r g e s t  r e l a t i v e  a c t i v i t y .  F a t ty  a c id s  o f  p h o sp h o lip id s  from 
in f e c te d  e ry th ro c y te s  co n ta in ed  ab o u t 50 p e rc e n t  C l8 : l  w ith  l e s s e r  
am ounts o f  C l6 :0 , C l8 :0 , 0 1 8 :2 , and C2l+:0. Compared to  f a t t y  a c id s  o f 
p h o sp h o lip id s  from  norm al e ry th ro c y te s  th e  C l8 : l  in c re a s e d  a lm ost 
2 - fo ld  w ith  d e c re a se s  i n  C l8 :0  and C l8 :2 , w hereas th e  c o n c e n tra tio n  
o f  C l6 :0  rem ained a lm o st th e  same. P h o sp h o lip id  f a t t y  a c id s  from  
in f e c te d  e ry th ro c y te s  co n ta in ed  low le v e l s  o f  r a d i o a c t i v i t y .  T h is
Table 17- In  v itr o  in corp oration  o f  N a-1- C -aceta te  in to  normal
ery th ro cy tic  free  f a t t y  a c id s .
F a t ty
CPMa
% T o ta l % Mass R e la t iv e  d
a c id s r a d i o a c t i v i t y a re a r a d i o a c t i v i t y
< C l4 :0 163 47 .1 0 0
C1^:0 0 0 53-^ 0
Cl6 : 0 71 20 .5 Tr
___c
C17:0 0 0 0 0
C l8 :0 0 0 0 0
C20:0 30 8 .7 k6 .6 1 8 .7
C22:0 26 7-5 Tr —
C 22:l 32 9 .2 Tr —
C2^:0 2k 6 .9 Tr —
a P e rc e n t e r r o r  from 5 to  7 p e rc e n t .
^  T race am ounts.
c R e la t iv e  r a d io a c t iv i t y  canno t be c a lc u la te d  from  t r a c e  amounts 
o f  f a t t y  a c id s .
d „ , , , , „ „ , .rfo T o ta l  r a d i o a c t i v i t y  ..C a lc u la te d  from form ula: jr-r,------------  --------------  x  100% Mass a re a
e lUCOg tra p p e d  i n  phenethy lam ine and c o r re c te d  fo r  e f f ic ie n c y .
6l
Tahle 18 . In  v itr o  in corp oration  o f  N a-1- C -acetate  in to  ery th ro cy tic
free  f a t ty  a c id s  from c a l f  w ith  6b% in fe c t io n  o f  A.
m arginale.
F a t ty
a c id s CiMa
% T o ta l  f  
r a d i o a c t i v i t y
% Mass 
a re a
R e la t iv e  ^ 
r a d io a c t iv i t y
< C l4 :0 631 3 3 .6 0 0
C l4 :0 56 3 .0 1 6 .0 1 8 .8
C l6 : 0 125 6 .6 51.1 1 2 .9  ,
C l6 :U 108 5 .8 Tr e
C l8 :0 44 2 .3 33 .0 7 .0
C l8 : l 0 0 Tr 0
Cl8 :U 128 6 .8 T r —
C20:0 76 4 .0 Tr —
C20:U 17b 9-3 Tr —
C22:0 71 3 .8 Tr —
C22 : l 70 3 .8 Tr —
C22:U 24i 1 2 .8 Tr —
C24: 0 6b 3 .4 Tr
C 24:l 89 4 .7 Tr
a  P e rc e n t e r r o r  from 3 to  7 p e r c e n t .
U in d ic a te s  u n id e n t i f ie d  f a t t y  a c id .
c T race  am ounts.
d C a lc u la te d  from form ula: 1/ gad t o a c t i v i t y  x ]_qq
% Mass a r e a
8 R e la t iv e  r a d io a c t iv i ty  can n o t he c a lc u la te d  from t r a c e  am ounts.
f  l4 COg tra p p e d  i n  phenethy lam ine and c o r re c te d  fo r  e f f i c ie n c y .
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Table 19* In  v itr o  in co rp o ra tio n  o f  N a-1- C -acetate in to  e r y th r o c y tic
p h osp h olip id  f a t t y  a c id s  from normal b lood .
F a t ty
a c id s c m &
% T o ta l  ^ 
r a d i o a c t i v i t y
% Mass 
a re a
R e la t iv e  
. r a d io a c t iv i t y
<C13:0 118 7 .6 0 0
C13:0 62 lf.0 0 .1 IfOOO.O
CllfsO 0 0 0 .5 0
C15:0 0 0 0 .3 0
Cl6 : 0 371 2 3 .8 I l f .3 166 . If
Cl6 : l Iflf 2 .8 0 .7 IfOO.O
C17:0 0 0 0 .8 0
C l8 :0 297 1 9 .1 17 .3 110 . If
Cl8 : l 123 7 .9 3 0 .6 25 .8
Cl8 : 2 38 2 .k 1 8 .8  ' 12 .8
C20:0, 2k 1 .5 1 .2 125.0
C20:U llf3 9 .2 0 .2 If600.0
C22:0 69 4 . If 5 .8 75 .9
C 22:l 71 U. 6 1 .6 287.5
C22:U 88 . 5 .6 1 .3 If 30 .8
C2lf:0 58 3 -7 5 .1 72.5
C2k:l 50 3 .2 1 .3 2lf6 .2
a P e rc en t e r r o r  from  3 t o  7 p e r c e n t .
U in d ic a te s  u n id e n t i f i e d  ..fa t ty  a c id .
c C a lc u la te d  from  fo rm u la : % ra(^-oac^y^'*:y  x  ]_oo% Mass a re a
d llfCOg trapped in  phenethylam ine and corrected  for e f f ic ie n c y .
i l l
Table 20. In  v itr o  in corp oration  o f  N a-1- C -a ceta te  in to  ery th ro cy tic
phospholip id  f a t t y  a c id s  from c a l f  w ith  Gbjo in fe c t io n  o f
A. m arginale.
F a t ty
a c id s CIMa
jo T o ta l g 
r a d io a c t iv i t y
% Mass 
a re a
R e la t iv e  
r a d io a c t iv i  t y c
< C l6 :0 96 70 .6 0 0
C l6 : 0 0 0 1 6 .0 0
C l6 : l 0 0 0 .6 0
C17:0 0 0 0 .8 0
C17:U 0 0 0 .3 0
C l8 :0 0 0 1 2 .9 0
C l8 : l 0 0 52 .9 0
C l8 : 2 0 0 1 0 .7 0
C20:0 0 0 0 .5 0
C22:0 0 0 1 .3 .0
C22:1 l+o 29 .4 0 .5 5880.0
C2^:0 0 0 2 .5 0
C 2 ^ :l 0 0 1 .0 0
£1 P e rc e n t e r r o r  from  5 to  7 p e rc e n t .
U in d i c a t e s  u n id e n t i f i e d  f a t t y  a c id .
c C a lc u la te d  from  form ula: ~ x i0 0% Mass a re a
COg tra p p e d  i n  phenethy lam ine and c o r re c te d  f o r  e f f i c i e n c y .
a g re e s  w ith  e a r l i e r  r e s u l t s  o f  t h i s  s tu d y  which showed t h a t  th e ^ e  was 
a  d e c re a se  i n  r a d i o a c t i v i t y  o f  p h o sp h o lip id s  i n  in f e c t e d  e ry th ro c y te s  
when compared to  norm al e ry th ro c y te s .
SUMMARY AND CONCLUSIONS
lli
A. In  v i t r o  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  in to  b lo o d  l i p i d s  o f  
norm al and in f e c te d  c a lv e s .
lk
A f te r  in c u b a tio n  w ith  N a-1- C -a c e ta te ,  l i p i d s  w ere e x tr a c te d  
from  norm al e ry th ro c y te s  and plasm a, and in f e c te d  e ry th ro c y te s  and 
p lasm a. The m ajor c la s s e s  o f  th e s e  e x t r a c te d  l i p i d s  were se p a ra te d  
b y  TLC and assay ed  f o r  r a d io a c t iv i t y  u s in g  a  Beckman L iq u id  S c i n t i l l a ­
t i o n  S p ec tro m e te r. I n  norm al e ry th ro c y te s  m ost o f  th e  r a d i o a c t i v i t y  
was found i n  p h o sp h o lip id s  and f r e e  f a t t y  a c id s ,  and i n  norm al plasm a 
th e  m a jo r i ty  o f  r a d i o a c t i v i t y  was found i n  f r e e  f a t t y  a c id s .  In  
in f e c te d  e ry th ro c y te s  b e fo re  peak and a t  peak in f e c t io n  th e  s t e r o l s  
co n ta in ed  from 8 to  11 tim es more r a d i o a c t i v i t y  th a n  s t e r o l s  o f  norm al 
e ry th ro c y te s .  There were co rresp o n d in g  d e c re a se s  i n  r a d i o a c t i v i t y  o f  
p h o sp h o lip id s  and f r e e  f a t t y  a c id s  o f  in f e c te d  e r y th ro c y te s .  In  
plasm a b e fo re  peak and a t  peak in f e c t io n s  th e r e  was a  5 t o  12 - fo ld  
in c r e a s e  i n  r a d i o a c t i v i t y  found in  s t e r o l s  a s  compared to  plasm a 
s t e r o l s  from  norm al b lood  a f t e r  5 h r  o f  in c u b a t io n ,  and a  20 to  30 - 
f o ld  in c r e a s e  a f t e r  20 h r  o f  in c u b a tio n . T h is  was accom panied by a
d e c re a se  i n  r a d i o a c t i v i t y  o f  f r e e  f a t t y  a c id s .
l k
D ata on th e  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  i n to  b lo o d  l i p i d s  
a f t e r  peak i n f e c t io n  showed d i f f e r e n c e s  when compared to  o th e r  phases 
o f  i n f e c t io n  and norm al b lo o d . A f te r  peak  i n f e c t io n  th e r e  was more 
r a d i o a c t i v i t y  in  e r y th ro c y t ic  t r i g ly c e r id e s  and much l e s s  a c t i v i t y  i n  
e ry th ro c y t ic  s t e r o l s  th a n  found i n  th e s e  same c la s s e s  from o th e r  
d eg rees  o f  in f e c t io n .  In  plasm a from b lo o d  a f t e r  peak  o f  i n f e c t io n
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th e  f r e e  f a t t y  a c id s  e x h ib i te d  more a c t i v i t y  th a n  d id  o th e r  deg rees o f  
in f e c t io n .  The o th e r  c a lv e s  w ith  d i f f e r e n t  p e rc e n t  in f e c t io n s  con­
ta in e d  more r a d i o a c t i v i t y  i n  p h o sp h o lip id s  and s t e r o l s .
Ik
B. I n  v i t r o  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  in to  b lo o d  l i p i d s  o f  
c a l f  w ith  p h en y lh y d raz in e  anem ia.
ll i
D ata on th e  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  by e ry th ro c y te s  
and plasm a in  p h en y lh y d raz in e -in d u ced  anem ia in d ic a te d  th a t  d if f e r e n c e s  
betw een norm al and in f e c te d  b lo o d  w ere n o t due to  th e  secondary  anemia 
caused by  A. m a rg in a le . ,
Ik
C. I n  v i t r o  in c o rp o ra t io n  o f  N a-1- C -a c e ta te  in to  l i p i d s  o f  p a r t i a l l y -  
p u r i f i e d  Anaplasma b o d ie s .
i
There was l i t t l e  d i f f e r e n c e  betw een u p ta k e  o f  r a d io a c t iv e  a c e ta te  
by th e  p a r t i a l l y - p u r i f i e d  b o d ie s  and c o n tro l  p r e p a ra t io n s .  I t  appears 
t h a t  th e  Anaplasma b o d ie s  w ere n o t p u r i f i e d  by  th e s e  p ro ced u res  to  
such a  deg ree  a s  to  a llo w  m e ta b o lic  s tu d ie s  to  be conducted  on th e  
p a r a s i t e .
l l i
D. In  v i t r o  in c o rp o ra t io n  o f  N a-1- C - la u ra te  in to  b lo o d  l i p i d s  o f  
in f e c te d  c a l f .
l l i
The in c o rp o ra t io n  o f  N a - 1 - '  C - la u ra te  in to  l i p i d s  o f  in fe c te d  
b lood  was a ls o  s tu d ie d . Most e r y th ro c y t ic  r a d i o a c t i v i t y  was found in  
t r i g l y c e r i d e s  and f r e e  f a t t y  a c id s ,  and p r a c t i c a l l y  a l l  th e  plasm a 
a c t i v i t y  was found i n  f r e e  f a t t y  a c id s .  S in ce  v e ry  l i t t l e  r a d i o a c t i ­
v i t y  was found i n  s t e r o l s ,  i t  was concluded  t h a t  no c leav ag e  of. th e  
f a t t y  a c id  o ccu rred  o r i f  c leav ag e  d id  o ccu r th e  r e s u l t in g  2 carbon 
u n i t s  were n o t in c o rp o ra te d  in to  s t e r o l s .
E . R adiochem ical GLC a n a ly s e s
Radiochen&cal GLC a n a ly s e s  were c a r r ie d  o u t on f a t t y  a c id  m ethyl
e s te r s  o f  p lasm a f r e e  f a t t y  a c id s ,  e ry th ro c y t ic  f r e e  f a t t y  a c id s  and
p h o sp h o lip id s  from b o th  norm al and in f e c te d  b lood  a f t e r  in c u b a tio n  w ith  
IkN a-1- C -a c e ta te .  F re e  f a t t y  a c id s  from plasm a o f  in f e c te d  b lood  con­
ta in e d  ab o u t th e  same c o n c e n tra t io n  o f  C l6 :0 , more C l8 : l  and C20:0,
and l e s s  C l8 :0  th a n  d id  p lasm a f r e e  f a t t y  a c id s  o f  norm al b lood .
IkThere was a  d e c re a se  i n  t h e  in c o r p o ra t io n  o f  N a-1- C -a c e ta te  in to  
plasm a f a t t y  a c id s  from  in f e c te d  b lo o d  compared to  norm al b lood . 
I n f e c t io n  w ith  A. m a rg in a le  caused  d e c re a se s  i n  C1^:0 and C20:0, and 
in c re a s e s  i n  C l6 :0  and C l8 :0  i n  e r y th r o c y t ic  f a t t y  a c id s .  • The same • 
sample showed an  in c r e a s e  i n  r e l a t i v e  a c t i v i t y  o f  C 1^:0 , C l6 :0 , and 
C l8 :0 .
P h o sp h o lip id s  from  norm al e ry th ro c y te s  co n ta in ed  low. c o n ce n tra ­
t io n s  o f  a l l  f a t t y  a c id s  and C13:0 and C20:U had th e  h ig h e s t  r e l a t i v e  
a c t i v i t y .  The f a t t y  a c id  co m p o sitio n  o f  th e  p h o sp h o lip id s  from i n ­
fe c te d  e ry th ro c y te s  was composed o f  ab o u t 50 p e rc e n t C l8 : l  w hich i s  
a lm ost a  2 - fo ld  in c r e a s e  o v er th e  norm al. F u rth e rm o re , th e re  were 
d ec rease s  i n  th e  c o n c e n tra t io n s  o f  C l8 :0  and C l8 :2  o f  th e s e  phospho­
l i p i d s  from in f e c te d  e r y th ro c y te s  as  compared to  norm al e ry th ro c y te s .  
However, s i g n i f i c a n t  r a d i o a c t i v i t y  i n  th e  f a t t y  a c id s  was no t d e te c te d .
I t  h as  been  r e p o r te d  t h a t  l i p i d s  o f  bov ine  e ry th ro c y te s  a re  
a l t e r e d  d u rin g  an ap la sm o sis  (D im opoullos and B e d e ll ,  1962 ; Dommert,
1966 ) .  These d a ta  su p p o rt t h i s  e a r l i e r  work and su g g e s t t h a t  l i p i d  
a l t e r a t i o n s  o f  bo v in e  e ry th ro c y te s  a re  due to  a l t e r e d  m etab o lic  a c t i ­
v i t i e s  by b lood  in f e c te d  w ith  A. m a rg in a le . These d a ta  a ls o  in d ic a te  
t h a t  th e s e  a l t e r a t i o n s  a re  due to  th e  p re sen ce  o f  A. m arg in a le  r a th e r
th a n  to  th e  secondary  anem ia caused, hy A. m a rg in a le .
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